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PREFACE 


Thu object of this book is to illustrate by problems 
tho fundamental principles of Electrical Engmeering 
scncountered by students m courses on alternating cur- | 
ront machinery- It has been the aim of the author to 
illustrate the fundamental principles many thrfes by 
relatively few problems. The time required to solve 
the problems is not more than that available to the 
average student In problems on machinery, frequent 
reference is made to tho A.I.E.E. Standardization 
Rules. This book is intended to bo used in connection 
with a text-book or a lecture course. 

R. E. Shown. 

September 24, 1924. 
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ALTERNATING CURRENT 
PROBLEMS 


1. Define: (ra) efTecUvo resistance; (&) inductive 
reiicltuiee'; (r) condensivo reactance; (d) impedance 

2. A sinusoidal electromotive force of the form 
e ~ 150 sin (;J77t + 6) exists in a closed cii’cuit of 
which tho reBistanco is 4 ohms. The cii’cuit has no 
n'actance. (a) Write an equation for the instan- 
tiineous current in tho circuit, {b) Determine: (1) the 
phase difference between tho electromotive force and 
tho current; (2) tho frequency of tho e.m.f.; and 
(S) the frequency of the current. (The angle 377i + 6 
is expressed in radians when t is expressed in seconds.) 

S, A 60-oycle e.m.f. of the form e — 100 sin (27i/<) 
exists in a coil whose terminals are connected together. 
Thc^ electric circuit of the coil has a self-inductance of 
0 1 henry and has no appreciable reaistaneo or oiijiacity. 
Tho power loss in the magnetic circuit of tho coil is 
iiegligible. (a) Write an equation for tho instan- 
taiieoua current in tho coil. (6) Dotormino: (1) the 
pliaso difference between tho e.m.f. and the current; 
and (2) the power-factor of tlio coil. 

4. A voltage drop of tho form 

V » V2 440 sm + 3) 
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exists across the terminals of a perfect 25-miciofai’ad 
condenser, (a) Write an equation for the instanta¬ 
neous current through the condenser. (&) Deteirmno: 
(1) the phase difference between the voltage and the 
current; and (2) the power-factor of the condenser. 

6. Prove that the average power m a single-phase 
circuit is equal to the product of the r.m.s. value of 
the Ime voltage by the r.m.s. value of the lino current 
by the power-factor of the circuit. What assumptions 
did you make? 

6. A 60-cycle current of the form 

120 sin (2x ft + 0) 

is established in a coil having a resistance of 1 732 
ohms and a total inductive reactance (the reactance 
due to all of the flux hnking the coil) of 1 ohm. The 
power loss in the magnetic circuit of this coil is negli¬ 
gible, (a) Write the equation for the total voltage drop 
across the terminals of the coil. (6) Determine the 
power-factor of the coil (c) Construct a vector dia¬ 
gram showing the current, the e m.f. due to the 
coil flux, the voltage drop due to the coil resistance, 
and the total voltage drop across the terminals of the 
coil. 


Answers. —(a) v = 240 sin 


^27i:f^ e)' 


Power-factor 0 866. (c) See the diagram Fig. 1. 

In Fig. 1 the voltage drop and the e.mi. due to the 
flux are considered as positive in the same direction in 
which the current is assumed as positive, 
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7. A 60-cycle voltage of the form 

V = 100 sin — 0 

exists across the tenniiials of a condenser of 42 micro¬ 
farads capacity. The power loss m the condenser is 
25 watts, (a) Write the equation for the instantaneous 
current through the condenser. (6) Calculate the 
power-factor of the condenser, (c) Construct a vector 
fliagrani showing the voltage drop across the con- 
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denser and the current. Assume the voltage drop 
positive in the some direction in which the current is 
assumed as positive. 

8. An air-core coil is connected to a 110-volt (r.m.s. 
value), 60-cycle supply. The line current is 2.46 
amperes (r.m.s. value) and the power loss in the coil 
is 81.2 watts, (a) Calculate the total inductance of 
the coil. (6) CalciUate the power loss in the coil at 110 
volts, 26 cycles, (c) What assumptions did you make 
in part (6)? (d) Construct a complete vector diagram. 
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9. A lOO-microfarad condenser is connected to a 
110-volt, 60-cycle supply. The power loss in the dielec¬ 
tric of rile condenser is 40 watts Calculate * (a) the 
charging current; (6) the leakage current; and (c) the 
power-factor of the condenser. 

10. A reactor having a total inductance of 206 milli¬ 
henries and an effective resistance of 1 5 ohms is con¬ 
nected to a 260-volt (constant r.m.s. voltage) supply 
of variable frequency, (a) Plot a curve showing tho 
relation between current and frequency. (6) What 
assumptions did you make in (a)? Under what condi¬ 
tions are your assumptions correct? 

11. Define: (a) conductance; (jb) susceptanco; 
(c) admittance. 

12. Construct a voltage drop-current vector diagram 
for a portion of a circuit consistmg of resistance and 
inductance in series. Show on your diagram tho 
vectors ZI, rl, xl, 77, gV, and 67. {a) With the 
aid of this diagram, prove the following relations: 

(1) Impedance, Z = 


(2) Resistance, 

(3) Reactance, 

(4) Admittance, 

(5) Conductance, 


r = —L 
+ 62 - 

X--1- 

Y «= + 

— r 

^ 7*2 _j- 


X 


(6) Susceptance, 6 = 
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(6) Repeat (a) for a portion of a circuit consisting 
of a perfect condenser m series with a resistance 

(c) Repeat (a) for a portion of a circuit consisting 
of a leaky condenser. 

13. A 5-microfarad condenser having no losses is 
connected to a 2200-volt (constant r.m.s. voltage) 
supply of vai'iable frequency (a) Plot a curve show¬ 
ing the relation between line current and frequency. 
(b) Plot a similar curve for the condenser when it 
is shunted by a non-inductive resistance of 2000 
ohms. 

14. An air-core reactor having a constant effective 
resistance of 1 ohm and a constant self-inductance of 
0.8 henry is connected in series with a perfect conden¬ 
ser of 62-nciicrofarads capacity to a 100-volt (r.m.s. 
value) constant voltage supply, (a) Plot a cmvo 
showing the relation between rm.s. values of current 
and frequency. (6) What is the maximum r.m.B. 
current? (c) What is the frequency and the power- 
factor when the current is a maximum? (d) Draw a 
complete voltage drop-current vector diagram showing 
the voltage and current relations when the current is a 
maximum. 

16. The reactor and condenser specified in Problem 
14 are connected in parallel to a 100-volt constant- 
voltage a.c. supply, (a) Plot a curve showing the 
relation between r.m.s. values of line current and 
frequency. (6) At what frequency and power-factor 
is the r.m.s. line current a minimum? (c) Draw a com¬ 
plete voltage drop-current vector diagram showing the 
relation between the voltage and the currents when, 
the line current is a minimum. 

16. Repeat the solutions of Problems 14 and 16. 
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The condenser is now assumed shunted by a resistance 
of 5000 ohms. 

17. A portion of a circuit consists of two parts, A 
and B, connected in series. The voltage across A is 
76 volts, and that across B is 105 volts, and that across 
A and B combined 82 volts, (a) Draw a vector dia¬ 
gram showing the voltage relations. (6) What kind of 
a combination will give these voltage relations? 

18. A parallel circuit has two branches, A and B. 
The current in A is 26 amperes, that in B 33 amperes, 
and that in A and B combined 33 amperes- (a) Draw 
a vector diagram showing the relations between the 
currents. Q>) What kind of a combination will give 
these current relations? 

19. A cod having a resistance of 5 ohms and a self¬ 
inductance of 0.7 henry is connected in series with a 
10-microfarad condenser having negligible loss. The 
circuit is connected to a source of power of which the 
frequency may be varied, (a) Plot curves showing the 
relation between inductive-reactance and frequency, 
condensive-reactance and frequency, and total reac¬ 
tance and frequency. (6) Plot curves showing the 
relation between inductive-susceptance and frequency, 
condensive-susceptance and frequency, and total sus- 
ceptance and frequency. 

20. A vector of 100 units length leads a reference 
axis by 60 degrees. Write the S 3 rmbolic expression for 
the vector referred to the reference axis. 

21. A vector of 100 units length lags a reference axis 
by 60 degrees. Write the symbolic expression for the 
vector referred to the reference axis. 

22. The following measurements were made on a 
branch of a circuit: 
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Current through the branch, 42 amperes. 

Voltage drop across branch, 215 volts. 

Power-factor of branch, 0.82 leading. 

Determine* (a) the symbohc expression for the cur¬ 
rent referred to the voltage; and (6) the symbolic 
expression for the voltage referred to the current. 

23. The voltage drop, referred to the current, across 
a portion of a senes circuit is 102 — j21 volts, (a) 
What is the numerical value of the current? (6) Does 
the current lead or lag the voltage? (c) What is the 
power-factor of this portion of the circuit? 

24. An alternating current generator supplies a load 
having two parts, A and B, connected in series. The 
symbolic expressions for the voltages referred to the 
current, are; for part A (11.2— ^7), and for part 
B (27 +^6). (a) What is the symbolic expression for 
the total voltage across A and B? (6) What is the 
numencal value of this voltage? (c) Determine. (1) 
the power-factor of part A; (2) the power-factor of 
part B; and (3) the power-factor of A and B combined. 

26. A certain alternator supplies a load consistmg 
of two parts, A and B, connected in parallel. The 
symbohc expressions for the currents, referred to the 
voltage drop across the parallel branches, are for part 
A (113-t-j65), and for part B (1—j8 2). (a) 

What is the symbolic expression for the kne current 
referred to the load voltage? (6) Determine: (1) the 
power-factor of part A; (2) the power-factor of part 
B; and (3) the power-factor of A and B combined. 

26. Show that the symbolic expression for the impe¬ 
dance of any part of a circ uit is r + jx, provided to j 
is assigned the value V— 1. (r* represents the resistance 
and X the reactance.) 
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27. Show that the symbolic expression for the admit¬ 

tance of any part of a circuit is gr — provided to j 
is assigned the value (g represents the con¬ 

ductance And b the susceptance) 

28. Prove that the S 3 niibohc expression for the 

impedance of a part of a circmt consisting of resistance 

and inductance r + j{+ x). 

29. Prove that the symbohc expression for the 

impedance of a series circuit consisting of a pure resis¬ 
tance and perfect condenser is r + jC” ^)- 

30. Prove that the symbohc expression for the admit¬ 
tance of two parallel branches, consistmg of a pure resis¬ 
tance in parallel with a pure inductance, is p — j(+ 6), 
where g is the conductance and b the susceptance. 

31. Prove that the symbolic expression for the 

admittance of a leaky condenser is g — j(— 6). 

32. An impedance of 2 + j5 ohms is connected in 
series with an impedance of 9 + j3 ohms to a 120-volt 
a c generator having an assumed impedance of zero 
(a) What is the impedance of the senes circuit? (b) 
What is the symbolic expression for the current in the 
circuit? 

33. An impedance of 4+^1 ohms is connected in 
parallel with an impedance of 1 — j3 ohms taa 55-volt 
a c. generator of negligible impedance, (a) Calculate 
the admittance of the circuit, (b) What is the sym- 
bohc expression for the line current? (c) Determme 
the power m this circuit. (Use the symbolic method m 
calculating the power.) 

34. An air-core reactor having an efifective resistance 
of 0.6 ohm and a self-inductance of 280 millihenries 
is connected to a 60-cycle supply, (a) What is the 
fiiymbolic expression for the impedance of the reactorj 
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(b) Calculate the constants of a parallel circuit equiva¬ 
lent in every way to the circuit of the reactor at 60 
cycles Assume that the parallel circuit consists of a 
pure resistance in parallel with a pure mductance. (c) 
How would a change m frequency alter the constants 
calculated m (6)? 

36. An impedance of 4 + jl ohms is connected in 
parallel with an impedance of 1 — jS ohms to a 60- 
cycle a.c. supply (a) Calculate the admittance of the 
circuit. (6) Calculate the constants of a senes circuit 
equivalent to the parallel circuit at 60 cycles. Assume 
that the equivalent senes circuit contains a pure resis¬ 
tance and a pure inductance or perfect condenser. 

(c) Plot a curve showing the relation between the 
reactance of the equivalent series circuit and the fre¬ 
quency. 

36. The following results were obtained by a test on 
a leaky condenser 

Applied voltage, 220 volts; 

Frequency, 60 cycles, 

Capacity, 75 noicrofarads; 

Power loss in the condenser, 62 watts. 

(a) Calculate the constants of a series circuit equiva¬ 
lent to the leaky condenser at 60 cycles. (6) Calculate 
the constants of a parallel circuit equivalent to the 
leaky condenser at 60 cycles. 

37. A pure resistance and a coil having ne^gible 
resistance are connected in parallel across a 220-volt, 
60-cycle supply. The current through the resistance 
is 14 amperes and that through the coil 10 amperes. 
The total line current is 16 amperes. Calculate the 
frequency which would result in equal currents in the 
coil and the resistance. 
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38. A single-phase transmission line dehvcrs 50 
kilowatts at 2200 volts. The load power-factor is 
0.76. The line copper loss is 8 per cent of the power 
delivered, (a) What is the value of the Ime resistance? 
(5) Calculate the copper loss when the same power is 
transmitted over the same line to a unity power-factor 
load. 

39. Prove that multipl 3 dng the symbolic expression 
for a vector by the operator (cos d + j sin d) results in 
the symbolic expression for a vector B degrees ahead 
of the original vector and equal in length to the orig¬ 
inal vector. 

40. Prove that multiplying the symbolic expression 

for a vector by the operator (cos ^ ^ sin B) results in 

the symbolic expression for a vector B degrees laggmg 
the original vector and equal in length to the original 
vector. 

41. Prove that 86 6 +;50 = 100«’^ 

42. Prove that the symbohe expression for the 
impedance of an electric circmt is equal to the product 
of the numerical value of the impedance and where 

X 

tan ^ 

T 

43. Prove that the sjmabohc expression for the 
admittance of an electric circmt is equal to the product 
of the numerical value of the admittance and 

whwe tan 0 = 

9 

44. Hifi symbolic expression for the voltage across 
an electric circuit is lOOe^. The impedance of the 
circuit i$ 20^^ Show that the current in the circuit is 
equal to 


I 




ALTERNATING CURRENT PROBLEMS 


11 


46. The symbolic expression for the voltage across 
an electric circuit is The admittance of the 

circuit is Show that the symbolic expression 

for the current is 

= 260 [cos 03 - 19) + j sin 03 - (9)]. 

46. A given series circuit has three parts, A, B, and 
C. Part A is a non-inductive, non-condensive resis¬ 
tance of 6 ohms, part B has an effective resistance of 
2 ohms and an mductance of 0 15 henry, and part C 
IS a perfect condenser of 25 microfarads capacity. The 
voltage across the whole circuit is 440 volts and the 
frequency is 60 cycles, (a) What is the power-factor 
of this circuit? (6) Deternune the constants of a series 
circuit which in every way is equivalent to the given 
series circuit at 60 cycles, (c) Determine the constants 
of a parallel circuit equivalent in every way to the 
series circuit at 60 cycles, (d) Construct a vector dia¬ 
gram showing the lino voltage; the line current, the 
components of the voltage in phase, and 90 degrees 
displaced from the Ime current, and the components 
of the current in phase, and 90 degrees displaced from 
the hne voltage. 

47. A reactor having an effective resistance of 0.6 
ohm and an inductive reactance of 5 ohms is connected 
in series with an incandescent lamp load having an 
effective resistance of 10.3 ohms. This load is con¬ 
nected to a single-phase transmission hne having a 
total effective resistance of 0 62 ohm and a total 
inductive reactance of 0.7 ohm. The terminal voltage 
of the generator supplying this load is 160 volts. The 
frequency is 60 cycles. Determine the capacity of a 
perfect condenser which when connected to the ter- 
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minals of the alternator will make the power-factor of 
the circuit unity (power-factor measured at the gen¬ 
erator terminals). 

48. Show by diagram the best arrangement of meters 
for measuring the power and power-factor of a load in 
which the power is small, the current small, and the 
voltage relatively high. This question is based on the 
assumption that no correction is made for the power 
consumed by the meters themselves. 

49, Show by diagram the best arrangement of meters 
for measuring the power and the power-factor of a 
circmt in which the power is small, the current large, 
and the voltage relatively small. This question is 
based on the assumption that no correction is to be made 
for the power consumed by the meters themselves. 

60. A voltmeter is connected to measure the voltage 
across a certain 60-cycle circuit. Stray fields are pro¬ 
duced m the vicinity of the voltmeter by, (a) direct 
current, (6) 60-cycle alternating current, (o) 68-cycle 
alternating current, and (d) 30-cycle alternating cur¬ 
rent What influence have these fields on the indica¬ 
tion of the meter? How are instrument errors due to 
stray fields avoided? 

61. Prove that the power in an N-mre polyphase 
transmission system may be measured by iV-1 watt¬ 
meters 

62. Prove that the average power in a balanced 
three-phase system is equal to Vs VI cos where V 
is the line voltage, I the line current, and cos 6 the 
Y-phase or delta-phase power-factor. 

63. Prove that the power m a balanced or unbal¬ 
anced three-phase system may be measured by two 
wattmeters. 
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64. Draw a diagram showing the proper way to con¬ 
nect two wattmeters for measuring the power in a 
three-phase system. Draw a vector diagram showing 
the hne voltages, the line currents, the currents in the 
current coils of the meters, and the voltages across the 
potential coils of the meters. Assume that the three- 
phase load IS balanced, Mark the vectors on your 
diagram in such a way that it is possible to tell in 
what directions you have assumed the voltages and 
currents as positive. 

66. Two wattmeters are connected for measuring the 
power m a balanced three-phase system. How would 
you determine experimentally whether the meter indi¬ 
cations should be added or subtracted? 

66. Two wattmeters are connected to measure the 
power in a balanced three-phase system. Prove that 
one of the meter indications is VI cos (30 + B)y and 
the other VI cos (30 — B) Show that the indication 
of one of the meters is zero when the power-factor is 
0.5. 



67. Figure 2 represents two similar wattmeters, con¬ 
nected symmetrically, for measuring the power in a 
balanced delta-connected load. The phase rotation of 
the voltages is as indicated by the vector diagram at 
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the right. The r.m.s. line voltage is 220 volts. The 
delta-phase power-factor is 0.82 lagging, and the total 
transmitted load is 50 kilowatts, (a) Calculate the 
power indications of Wi and W 2 > (&) Has the phase 
rotation of the line voltages anything to do with the 
indications of the meters? 

68 . A wattmeter and a Y-box are connected for 
measuring the power in a balanced three-phase circuit. 
See Fig 3 The resistance of the potential circmt of 
the meter is Bp, and the resistance of each leg of the 
Y-box is n (a) Derive a formula, in terms of Rp, r,vi 2 , 



PiGt. 3. 



and viZi for the instantaneous current in the potential 
coil of the meter. (6) Dmve a formula for the factor 
by which the indication of the wattmeter must be 
multiplied to obtain the total power in the circmt. 

59- In Fig. 3, Rp = 1000 ohms, r = 850 ohms, and 
the pow^ indicated by the meter is 2000 watts, Cal¬ 
culate the total power delivered to the load. 

60. An electrodynamometer wattmeter is connected 
as shewn m Pig. 4. The resistance of the potential 
circuit of the meter is 1662 ohms, and its self4nduc- 
tance is 0,0082 henry. The meter as connected indi¬ 
cates accurately cm d.o. loads. What wUl be the power 


' I 1 i . 
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indication of the meter when used for measuring 75 
watts true power in a circmt operating at, (a) 60 cycles 
unity power-factor, {b) 60 cycles 0 10 leading power- 
factor, (c) 60 cycles 0.10 lagging power-factor? 

61. Two sunilar wattmeters are connected for meas¬ 
uring the reactive volt-amperes of a balanced three- 
phase load. The current coil of meter A is connected 
in line 1, and its potential cod is connected across hnes 
2 and 3. The current coil of meter B is connected in 
line 3, and its potential coil is connected across lines 
2 and 1. (a) Draw a diagram showing the proper con- 



Fig 4. 


nections. (6) Prove that the indications of the meters 
are proportional to the reactive volt-amperes. 

62. Two similar wattmeters are connected sym¬ 
metrically for measurmg the power in a balanced 
three-phase load. One of the meters indicates 7680 
watts and the other 2458 watts, (a) Calculate the 
power-factor of the load (6) Calculate the phase- 
angle between, (1) the delta-phase voltage and the 
ddtarphase current, (2) the Y-phase voltage and the 
Y-phase current, and (3) the voltage between lines 
1 and 2 and the current in line 1. (c) How many an¬ 
swers are possible in part (3) of (6)? 

63. The following measurements were made on a 
single-phase circuit of which the constants are unJmown: 
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Voltage 

Frequency 

Current 

Power 

100 

d c 

0 

0 

100 

60 cycles 

1 76 amps 

6.1 watts 

100 

69 cycles 

60 0 amps 
Mazimuin Ourront 

6000 0 watts 

100 

80 cycles 

3 82 amps. 

29 2 watts 


(a) Determine the nature of the circuit and the con¬ 
stants of the same. (6) What assumptions did you 
make? 

64. The followmg measurements were made on a 
circuit of which the constants are unknown. 


Voltage 

Frequency 

Current 

Power 

100 

10 cycles 

13 42 amps 

720 watte 

100 

60 cycles 

2 64 amps 

27 96 watts 

100 

d c 

26 0 amps 

2600 00 watts 


(a) Calculate the constants of the circuit, (b) What 
assumptions did you make in (a)? 

66. A balanced three-phase, Y-connected load re¬ 
quires 600 kilowatts of power. The line voltage is 440 
volts and the power-factor of the load is 0 86 lagging, 
(a) Calculate the resistance and the reactance of each 
leg of the Y-connected load, (b) Calculate the resis¬ 
tance and the reactance of each delta-phase of a delta- 
connected load eqmvalent in every way to the given 
Y-connected load. 
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66. The following measurements were made on a 
balanced three-phase load 


Line Voltage 

Frequency 

Current 

Power 

102 volts, S-phase 

00 cycles 

10 amps 

400 watts 

40 volts between any 

d c 

11 5 amps. 


two terminals 





(а) Calculate the d.c. resistance per Y-phase and per 
delta-phase. (&) Calculate the equivalent effective 
resistance and the equivalent reactance per Y-phase 
and per delta-phase, (c) Why is the resistance to a.c. 
greater than the d.c. resistance? 

67. A balanced Y-connected load is connected m 
parallel with a balanced delta-connected load to a 220- 
volt, 60-cycle, balanced three-phase supply. The 
impedance of each Y-phase is 12 -(- ^0.8. The impe¬ 
dance of each delta-phase is 3.2 +^6.1. (a) Calculate 
the power and the power-factor of the combined load. 

(б) Calculate the constants of a single Y-connected 
load equivalent in every way to the two loads on a 
60-cycle circuit. 

68. A Y-connected generator is connected to an 
unbalanced Y-conneoted load as shown in Fig. 5. 
The Y-phase terminal voltages of the generator 
each have an r.m.s. value of 52 volts and are 120 
degrees out of phase. Each line has a resistance of 0.5 
ohm and an mductive reactance of 0.42 ohm. The 
impedances of the legs of the Y-phase load are: 
Zfyif = 4 -t- ^0, Zo/ 2 ' = 1 + jOj and = 1.4 -h j7. Cal¬ 
culate the currents in the three lines when the phase ro- 
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tation of the generator voltages IS, (a) Vqi — F02 — ^03, 
and (6) Vqi Vq^ ^02* 

69. The voltage apphed across the terminals of a 
perfect 61-microfarad condenser contams a funda¬ 
mental and a third harmomc. The frequency of the 
fundamental is 50 cycles and its maximum value is 200 
volts. The maximum value of the third harmonic is 
60 volts, (a) Calculate the maximum values of the 
harmonics in the current wave. (6) What is the r.m.s. 
value of the resultant charging current? 



70. A non-sinusoidal voltage is applied across the 
terminals of a coil havmg an effective resistance of 
0 52 ohm and an inductance of 0.11 henry. The funda¬ 
mental of the voltage has a frequency of 60 cycles 
and a maximum value of 100 volts. The third har¬ 
monic in the voltage has a maximum value of 30 volts, 
(a) Calculate the maximum values of the fundamental 
and third harmonic currents. (5) What is the r.m.s. 
value oi the total current supplied to the coil? 

71. A non-sinusoidal voltage of-the form 

V » 440 sin (27r60i) + 220 sin 3^2ir60< -h ^ 

is applied across the terminal® of a perfect 20-micro- 
fa^ad condenser, (a) Deteraupe the equation for the 
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current through, the condenser. (6) Determine the 
r m.s. value of the total current supphed to the con¬ 
denser 

72. A non-sinuBoidal voltage of, the form 


V = 126 sin ^2x504 + g) + 52 sin 3^2ir60« -t- 


is applied to a coil having an effective resistance of 0.52 
ohm and a self-inductance of 0.11 henry, (a) Deter¬ 
mine the equation for the current throu^ the coil. 
(5) Calculate the power absorbed by the coil. 

73. A sinusoidal voltage of the form 

V = 321 sin ^2ir60f -t- 


produces a current of the form 

i = 246 sin ^2jr60i -f 32 sin 3^27r60< +1 

Calculate the avera.ge power supplied to the circuit. 
Explain your method of calculating the power. 

74. A 60-cycle and a 25-cycle alternator are connected 
in senes with each other to a load having a resis¬ 
tance of 1 ohm and a total self-inductance of 0.005 
henry. The terminal voltage of each alternator is 120 
volts r.m.s. value. Calculate: (a) the r.m.s. value of the 
line current; (b) the r.m.s, value of the line voltage; 
(c) the power output of each alternator. 

76. A direct-current generator and a 60-cycle alter¬ 
nator are connected in series with each other to a load 
having an effective resistance of 4.5 ohms. The ter¬ 
minal voltage of each generator is 120 volts (r.m.s. 
value). Calculate: (a) the r.m.a value of the line 
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current; (&) the average value of the line current; 
(c) the power transmitted to the load, (d) the r m.s. 
value of the line voltage. 

^ 76. In a symmetrical rectangular wave the base of 
the half-wave is 3 inches and the width is 1 inch, (a) 
Determine the maximum value of the fundamental. 
(6) Determine the maximum value of the third har¬ 
monic. 

77. The voltage and current waves of a certain resis¬ 
tance load contain a fundamental and a third harmonic. 
Prove that the power absorbed by the load is equal to 
riji? + where h and I 3 are the r.m.s. values of 
the fundamental and third harmomc currents. 

78. Why are no even harmonics present in a sym¬ 
metrical wave? Why do alternators generally produce 
symmetrical voltage waves? 

79. Thirtynsix equally spaced ordinates 10 degrees 
apart, obtained from a full wave length of a non-sym- 
metncal current wave, have the following values: 



0 

^120 

22 

^240 

- 7 

^10 

6 

^130 

19 6 

^260 

- 8 

^20 

11 

^140 

17 3 

^260 

- 8 8 

^30 

16 

^160 

15 5 

^270 

-10 0 

UQ 

20 

^160 

13 5 

^280 

-11 8 

^50 

23.2 

il70 

11 0 

^290 

-12 4 

ioo 

26 

^180 

8 

^300 

-12 4 

iro 

27.6 

^190 

6 

is 10 

-12 

^80 

28 

^200 

1 

i 320 

-10 

ioo 

28 

^210 

-2 

iaso 

- 7 8 

tlOO 

27 

^220 

-6 

i 840 

-50 

iiio 

25 

^230 

-6 

^360 

- 2 3 





zzeo 

= *0 =0 
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The frequency of the fundamental of the above wave 
is 60 cycles. Determine the equation of the current 
wave. 

80. Under what conditions will a sinusoidal voltage 
produce a non-sinusoidal current wave? 

81. Why are the higher harmonics in voltage and 
current waves usually undesirable? 

82. The flux hnking each turn of a coil on a trans¬ 
former varies sinusoidally and has a maximum value 
of 10® lines. The coil has 100 turns and the frequency 
of the flux IS 60 cycles per second. Calculate the r.m s. 
value of the induced e.m.f. 

83. The terminal voltage of a certain coil on a trans¬ 
former varies sinusoidally Prove that the flux linking 
the coil also varies sinusoidally. (The rl drop ia a coil 
of a transformer is usually very small compared with 
the termmal voltage.) 

84. The maximum flux Unking a transformer coil 
having N turns is <l)m- The flux varies sinusoidally at 
a frequency of /-cycles per second. Derive formulas 
for calculating: (a) the average e.m f. induced m the 
coil; and (b) the effective e.mf. induced in the coil. 

86. The high-voltage wmdmg of a transformer has 
1000 turns and the low-voltage winding has 250 turns. 
What is the turn ratio? (See A.I.E E. Standardization 
Rules in regard to the turn ratio.) 

86. The voltage apphed to the primary winding of a 
transformer is 440 volts and the secondary full-load 
terminal voltage at unity power-factor load is 2200 
volts, (a) Calculate the voltage ratio (see AIE.E. 
Standardization Rules). (6) Why is the ratio 2200/440 
different than the turn ratio? 

87. Under what conditions of load is the ratio of the 
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current in the low-voltage winding of a transformer to 
the current m the high-voltage winding approximately 
equal to the turn ratio? 

88. Figure 6 is a curve showmg the relation between 



Fio 0. 


the flux and the (magnetizing -f hysteresiB) component 
of the exdtmg current of a Ixansformer. 

(a) Draw the wave of the (magnetizing + hysteresis) 
component of the exciting current required to produce 
9 ,. siniKididsI flux of 1^200,000 lines maximum value. 
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(b) Analyze the wave obtained in (a) for the funda¬ 
mental and the higher harmonics, (c) How serious is 
the error made in assuming the exciting current of a 
transformer a sinusoidal quantity? 

89. A coil wound on an iron core consumes 1150 
watts when connected to a source of a.c. power. The 
voltage is 124 volts and the current is 40 8 amperes, 
r.m.s. values. The resistance of the coil is 0.16 ohm. 
(a) How much power is transferred from the coil to 
the magnetic circuit? (b) What is the phase angle 
between the current and the flux? (c) Construct a 
vector diagram showing the relations between the 
current, the flux, the applied voltage, the induced 
e.m f., and the rl drop. Use the double subscript 
method for indicating the positive sense on all vectors 
(Assume that the current, the flux, and the voltage are 
sinusoidal quantities, and assume that there is no 
leakage flux.) 

90. In a certain coil 100 turns are hnked by a maxi¬ 
mum flux of 1,000,000 lines, 200 turns by 800,000 
lines, and 160 turns by 600,000 lines. The flux is 
produced by a 60-cycle current. Calculate the r.m.s. 
value of the total e.m.f. induced in the coil. (Assume 
that the flux and current are sinusoidal quantities and 
that the e.m.f.'B induced in all turns are in phase.) 

91. At 110 volts and 60 cycles the total iron loss in 
a certain reactor is 324 watts. The hysteresis loss is 
210 watts, (a) Calculate the total iron loss when the 
voltage and the frequency are both increased 20 per 
cent. (6) Calculate the total iron loss when the fre¬ 
quency and the voltage are both lowered 20 per cent, 

92. The total iron loss in a reactor is 846 watts. 
The h 3 ^teresia loss is 550 watts. Calculate the total 
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iron loss in a reactor having laminations of one-half 
the thickness but identical m every other way to the 
reactor having 846 watts loss. 

93. The following measurements were made on a 
transformer at no-load. 

Primary Primary Primary Secondary 

Voltage Frequency Current Voltage 

110 r.m 8. 60 0 52 440 r m.s 

(а) Calculate the value of the mutual inductance. 

(б) What assumptions did you make in (a)? Why? 

94. (a) Prove that when there is a transfer of elec¬ 
trical power from an electnc circuit to a magnetic 
circuit or to another electric circuit the flux linking 
the first circuit and the current m it cannot be in phase. 
(6) Why is the leakage flux in a transformer windmg 
nearly in phase with the current through the winding? 

96. The power loss in the iron core of a certain reac¬ 
tor is 1000 watts. The applied voltage to the reactor 
IS 220 volts. The Ime current is 11.2 amperes. Calcu¬ 
late: (a) the r.m.s. value of the counter e.m.f ; and 
(&) the phase angle between the current and the flux. 

96. In a transformer what factors determine, (a) 
the exciting current, (6) the total flux linking the 
primary winding, (c) the total flux hnkmg the sec¬ 
ondary winding, and (d) the efficiency? 

97* In a constant-potential transformer, why is the 
primary 'power-factor practically equal to tihe sec¬ 
ondary power-factor? 

904 Jltepive approximate formulas for the voltage and 
curtei3^ pf^ a constant-potential transformer. 

Tlnfler^ conditions of load are your formulas 

poriect? 
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99. The following things are known about a 2 kv-a. 
transformer. 

Turn ratio, 4; 

Exciting current, 0.52 ampere; 

Core loss, 21 watts; 

D.C. resistance of primary winding, 0.06 ohm, 

Turns on primary winding, 60, 

Maximum mutual flux hnkmg primary and second¬ 
ary windings, 690,000 hnes (assumed to vary smusoid- 
ally at a frequency of 60 cycles per sec.); 

Maximum leakage flux of primary, 17,400 (assumed 
to vary sinusoidally); 

Power loss due to leakage flux (assumed negligible). 

(d) Calculate the r.m.s. value of the induced e.m.f. 
in the primary windmg due to the change in linkages 
produced by the mutual flux. 

(6) Calculate the r.m.s. value of the mduced e.m.f. 
in the primary due to the leakage flux. 

(c) Determine the r.m.s. value of the primary ter¬ 
minal voltage. 

(d) Construct a vector diagram showing the exciting 
current, the mutual flux, the leakage flux, the induced 
e.m.f. in the primary due to the mutual flux, the 
induced e.m.f. in the primary due to the leakage flux, 
the resistance drop due to the exciting current, and 
the total applied primary voltage. 

100- In a given step-down transformer the following 
quantities are known: 

Mutual inductance, M] 

Primary resistance ri and leakage reactance 

Secondary resistance r 2 and leakage reactance X 2 ] 

Turn ratio a; 

Exciting current 1%) 
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(a) Prove that the primary applied voltage 
Vi = (n + jxi) Ii + a Es 

Where h = total primary current and Ez = the sec¬ 
ondary induced e.mf. duo to mutual 
flux. 

(&) Prove that the secondary terminal voltage 
Vz = Ez — (ra I2 


Where Ja = the secondary current. 

(c) Prove that the secondary induced voltage 

Ez = jwMIm 


Where I* is the magnetizing component of the excit¬ 
ing current. 



101. Figures 7 and 8 show two possible ways of 
constructing a transformer. The two transformers 
have an equal number of turns on their primary wind¬ 
ings; the turns on the secondary windings are also 
equal in number. One of the transformers has a solid 
iron core the other a laminated iron core. The 
primary voltages and frequencies are the same in each 
trapQfonnsir. 

Cmhpaxe the two tranitformers as to: 
j ' • (o) Tc^ magnetic flux linldng the primary; 
j i currents and secondary voltages at no- 

; M ’ ■ 


•uHll 

iiiiiii 



f ’<OTr€iit& BSDd secbndaay voltages when 
r owy,equal load currents; 


^ ^ IH H n i i i i h ' 

iliUiliuliiilii 
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(d) Iron losses. (Assume that the iron cores have 
the same cross-section and weight) 

(e) Copper losses. (Assume that the same size wire 
is used on both transformers and that the mean length 
of the turns are the same ) 

(/) Efficiencies. 


Primary 


Secondary 


Solid oora 


4 Turns 


lO'Turni 


Fig 7 


Primary 


4'TamB 


Laminated core 


10 Tama 


Secondary 

Fig. S 


102 . A 550-kv-a., 11,000 to 2200-volt, 60-cycle trans¬ 
former has the following constants. 

Effective resistance of high-voltage winding 0.75 
ohm; 

Leakage reactance of high-voltage winding, 3.2 
ohms; 

Effective resistance of low-voltage winding, 0.0321 
ohm; 

Leakage reactance of low-voltage winding, 0.153 
ohm; 

The above constants were measured at 76 degrees 
C.; 

Tnm ratio, 5. 


) 


f 
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The transformer supplies 550 kv-a. to a load operat.- 
mg at 2200 volts and 0 90 lagging power-fact or. The 
workmg temperature of the transformer is 75 degrees 
C. Calculate, (a) the secondary current; (5) the 
secondary induced e.m.f.; (c) the prmiary induced 
voltage; (d) the primary current (the exciting current 
m the primary is 0.32 ampere and lags behind the 
primary voltage drop due to the e.m.f. induced by the 
mutual flux by an angle whose cosine is 0.321); (c) 
the total voltage which must be applied to the primary 
in order to obtain 2200 volts at the load (this 
voltage probably is not 11,000 volts); and (f) the 
efficiency. 

103. The primary winding of a 75 kv-a., 2600- to 
320-volt, 25-cycle, step-down transformer has an effec¬ 
tive primary resistance of 0.492 ohm and a primary 
leakage reactance of 0 68 ohm The losses in the 
core due to the mutual flux are 1520 watts. At 
2500 volts the exciting current is 2 1 amperes The 
number of turns on the primary wmding is 219. 
The secondary windmg is open-circuited. Calculate: 
(a) the induced e.m.f. m the primary winding due to 
the mutual flux; (6) the phase angle between this 
induced e.m.f. and the excitmg current; (c) the value 
of the mutual flux and the phase angle between the 
mutual flux and the exciting current. (Assume that 
the flux varies sinusoidally.) 

104. A step-down transformer has a turn ratio of 4. 
The primary voltage is 442 volts and is held constant. 
The load on the secondary requires 20 amperes at 80 
volte. The required 80 volte at the load is obtained 
by inserting a 1.5-ohm rheostat in the secondary leads. 
Show that the proper voltage can also be obtained at 



ALTERNATING CURIUeNT^^to|MS ^ y 

the load by inserting a 24-ohm rhe«^^;^in the primary 
leads and no rheostat in the secondai^^GtRdjfcs,...^_ ^.^^3 

106. A certain transformer has a 
Prove that the insertion of an inductive reaStarree'of “* 

9 ohms in the high-voltage leads is equivalent to the 
insertion of an inductive reactance of 1 ohm in the 
low-voltage leads. 

106. (a) Give a method for measuring the core-loss 
conductance and the magnetizing susceptance of a 
transformer. (See A.I.E.E. Rules m regard to the 
proper method for measuring the no-load losses in a 
transformer.) 

(6) Give a wiring diagram showing the best way of 
grouping the instruments for making the no-load test 
on a transformer. (Assume that no corrections are to 
be made for the power consumed by the instruments 
themselves.) 

107. In a 13,200- to 440-volt transformer the core-loss 
conductance and the magnetizing susceptance were 
measured on the low-voltage side. The turn ratio of 
the transformer is 30. (a) Show how to calculate the 
core-loss conductance and the magnetizing susceptance 
referred to the high-voltage side. (6) Why is it desir¬ 
able to measure the core-loss conductance and the mag¬ 
netizing susceptance on the low-voltage side? 

108. Given: 


xi the leakage reactance of the high-voltage 
winding; 

n the effective resistance of the high-voltage 
winding; 

X 2 the leakage reactance of the low-voltage 
winding; 


62J,-3133 

Kibi— 


3274 
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r 2 the effective resistance of the low-voltag 
winding; 

g 2 the core-loss conductance measured on th 
low-voltage side; 

62 the magnetizing susceptance measured 0 
the low-voltage side, 

and 

a the turn ratio. 

Denve the exactly equivalent circuit, the constant 
being referred to (a) high-voltage side, and (b) low 
voltage side. 

109. Outline a method for measunng the effectiv 
resistance and the leakage reactance of a transformei 
(See A.I.E.E. Rules in regard to the proper method 0 
conducting the load-loss test on a transformer ) Sho^ 
how the instruments should be grouped in this test 
(Assume that no corrections are to be made for th 
power consumed by the instruments themselves.) 

110. Show how the exactly equivalent circuit of 3 
transformer must be modified to obtain the approxi 
mate circuit. What errors are made in assuming th 
approximate circuit? 

111. The following tests were made on a 2 kv-a. 110 
to 440-volt, 60-cycle transformer: 

No-Load Test (Pebpormbd on Low-Voltage Side) 

Applied Voltage Current Power Frequency 

no 0 62 20 60 

Xxiad-Lobb Test (Metebs Connected in the Hioh- 

Voltagb Side) 

Applied Voltage Currwt Power Frequency 

17 6 4 66 46 60 




I ^ 1 
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Turn ratio, 4, 

D.C. resistance high-voltage ■winding, 0 84 ohm; 

D.C. resistance low-voltage ■winding, 0.072 ohm; 

Temperature at which the above measurements were 
made, 18° C. 

Determine (a) the ratio of the effective resistance 
to the d.c. resistance of the wmdings, (6) the constants 
of a circuit exactly equivalent to the transformer at 
18° C. (The constants are to be referred to high-volt¬ 
age side.) (c) ■the constan^ts of a circuit exactly 
equivalent to the transformer at 18° C. (The con¬ 
stants are to be referred to low-voltage side); and 
(d) the constants of a circuit approximately equivalent 
to the transformer at 18° C. (The constants are to be 
referred to the high-voltage side.) 

112. The foUo'wing are the constants of a 20 kv-a. 
2200- to 220-volt, 60-cycle step-down transformer (see 
tho A.I.E.E Rules in regard to the rating of trans¬ 
formers) : 

Turn ratio, 10; 

Effective resistance of the high-voltage winding at 
26° C. = 1.47 ohm. 

Effective resistance of the low-voltage ■winding at 
25° C. = 0.023 ohm; 

Ratio effective to d.c. resistance, 1.15; 

Core-loss, 164 watts (measured on the high-voltage 
side, at on induced voltage of 2200 volts in ■the high- 
voltage winding); 

Exciting current, 0.48 amp. (measured on the high- 
voltage side at an induced voltage of 2200 volts in 
the high-voltage winding); 

Total reactance drop in the transformer, 2.84 per 
cent (see AJ.E^E. Rules); 


-5 i 
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Assume the primary leakage reactance referred to 
the secondary the same as the secondary leakage 
reactance. 

The transformer delivers rated kv-a. to an 86 per 
cent lagging power-factor load The temperature of 
the transformer is 75° C. Calculate, (a) the voltage 
which must be applied to the high-voltage side m order 
to obtam rated voltage at the load (use the exactly 
equivalent circuit in your calculations); (b) the effi¬ 
ciency of the transformer for the conditions of load 
specified in (a). 

113. Solve Problem 112, iLsing the approximately 
equivalent circiut. Refer all constants to low-voltage 
side. Compare the results with those in Problem 
112 . 

114. The following thmgs are known about a 6000- 
kv-a. 140,000- to 5000-volt, 60-cycle, single-phase 
transformer. 

D.C. resistance of high-voltage windmg, 11.2 ohms 
at 32° C.; 

D.C. resistance of low-voltage winding, 0.019 ohm 
at 32° C.; 

Turn ratio, 28; 

Per cent reactance drop, 8 63, 

Iron loss, 41,500 watts; 

Load-test loss (copper loss), 38,900 watts, measured 
at 32° C.; 

Per cent exciting current 7 00. 

(a) Determine the constants of a circuit approxi¬ 
mately equivalent to this transformer at 76° 0. Refer 
all constants to low-voltage turns. 

Q}) The transformer is used as a step-down trans¬ 
former and delivers rated kv-a. load to a circuit oper- 
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34 ALTERNATING CURRENT PROBLEMS 


116. Figure 10 represents a lagging device used on 
a.c. watt-hour meters. A correct mdication is obtained 
on the meter when the flux and the voltage V are 90 
time degrees out of phase This phase relation is 
obtained by properly adjusting the resistance E. Con¬ 
struct a complete vector diagram showmg the voltage, 
current, and flux relations of the two coils when the 
resistance B has the proper value. 



117- The foUowmg thmgs are known about a 2000- 
kv-a., 140,000- to 6000-volt, 60-cycle transformer. 

D.C. resistance of high-voltage wmding, 36.7 ohms 
at 75^ C.; 

D.C resistance of low-voltage winding, 0.060 ohm 
at 76° C.; 

Turn ratio, 28. 

Load-loss (copper loss at 76° C.), 19,100 watts; 

Per cent leakage reactance drop, 8.98; 

Per cent exciting current, 6.98; 

Iron-loss, 24,000 watts. 

The transformer is used as a step-down transformer, 
(a) Calculate the regulation of the transformer at 
rated kv-a, load and at a temperature of 76° C. for, 


U i .. N 


I: ■ 
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(1) unity power-factor load, (2) 80 per cent Inn-ding 
power-factor load, (3) 80 per cent lagging power-factor 
load Use the methods outlined in the A.I.E.E. Stand¬ 
ardization Rules. 

(6) Draw a complete vector diagram showing the 
voltage and current relations for each load specified 
in (o). 

118. The following things are known about an 833- 
kv-a., 13,200- to 6600-volt, 60-cycle transformer: 

D.C. resistance of high-voltage winding, 1 066 ohms 
at 75° C.; 

D.C. resistance of low-voltage winding, 0 276 ohm 
at 75“ C.; 

Per cent reactance drop, 4.54; 

Turn ratio, 20; 

Load-loss (copper loss at 75“ C.), 9490 watts; 

Excitmg current, 6.61 per cent; 

Iron-loss, 6350 watts. 

The transformer is used as a step-up transformer. 

(а) Calculate the voltage regulation of this trans¬ 
former at rated kv-a. load and at a temperature of 
75“ C. for, (1) unity power-factor load, (2) 80 per cent 
leading power-factor load, and (3) 80 per cent lagging 
power-factor load. Use the methods outlined in the 
A.I.E.E rules. 

(б) Construct the complete vector diagram showmg 
the voltage and current relations for each load specified 
in (a). 

(c) Calculate the efficiency of the transformer for 
each load specified in (a). 

119. The following things are known about a 4-kv-a., 
2200- to 1000-volt, 60-cycle constant-current trans¬ 
former: 
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Effective resistance of high-voltage winding, 16.7 
ohms; 

Effective resistance of low-voltage winding, 5.6 
ohms. 

No-Load Test 

Pninaiy Voltage Pnmary Cuirent Core-loss Frequency 
2200 volts 0 3 amp 149 watts 60 

Turn ratio, 1.80 


Imfedancus Test 
Movable Coil Position 

1 Pnmary and secondary coils together 

2 

3 

4 

5 

6 

7 Pnmary and secondary coils apart 

The values given above are all referred to 76* 

The secondary current (the current in the low-volt¬ 
age wmding) is maintomed constant at 4 amperes. 
Tlie power-factor of the load is unity. The pnmary 
voltage IS maintained constant at 2200 volts; the fre¬ 
quency IS also constant. Plot curves showing the 
relation between, (a) secondary watts output and 
coil position; (6) pnmary current and coil position; 
(c) primary power-factor and coil position; and (d) 
efficiency and coil position. 

120. A 100-ampere to 5-ampere ratio current trans¬ 
former is used for measuring the current in a 60-cycle 
power circiut. The ammeter is connected to the 
6*ampere winding of the transformer. The indication 


Impedance, 

ohms 

270 

385 

600 

616 

730 

845 

960 

C. 
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of the ammeter is 4.88 amperes. The impedance of 
the ammeter is 0 17 ohms. The mutual inductance 
between the primary and the secondary windmgs of 
the transformer is 0.0178 henry (a) Calculate the 
secondary termmal voltage when the ammeter indica¬ 
tion 18 4.88 amperos. (6) Calculate the secondary ter¬ 
minal voltage when the ammeter is disconnected 
(secondary winding open-circuited) and the primary 
current is the same as in (a), (c) Compare the relative 
magnitudes of the exciting currents in parts (a) and 
(b). (d) What assumptions did you make in (6)? 

121. An ammeter, voltmeter, and wattmeter are 
connected for measuring the power and the power- 
factor of a single-phase load. The voltage and the 
current are stepped-down by instrument transformers. 
The following things are known. 

Wattmeter indication, 64 watts (the wattmeter is 
accurate on circuits where no instrument trans¬ 
formers are used )] 

Ammeter indication, 2.3 amperes (accurate); 

Voltmeter indication, 112.3 volts (accurate); 

Ratio and phase-angle of voltage transformer 

obtained from calibration curves; ratio—9.94, 
phase-angle—0.16® (secondary voltage lags pri¬ 
mary voltage); 

Ratio and phase-angle of current transformer 

obtained from calibratibn curves; ratio—8.12, 
phase-angle—1.3 degrees (the secondary current 
leads the primary current). 

1. Calculate: (a) the line voltage and the line cur¬ 
rent; (fc) the apparent power and power-factor of the 
circuit; (c) the true power and power-factor of the 
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Circuit; and (d) the per cent error in the power indi¬ 
cation due to the error introduced by the phase-angles 
of the transformers. 

2. The line voltage is maintained constant and the 
load so adjusted that the product of the voltmeter and 
ammeter indications equals the wattmeter indication, 
equals 64 watts. What will be the per cent error in the 
wattmeter indication due to the errors introduced by 
the instrument transformers? (Assume that the ratios 
and phase-angles of the transformers are the same as 
in 1. This assumption is probably never strictly true.) 

122. The following things are known about a 5000- 
kv-a., 140,000- to 5000-volt, 60-cycle, step-down trans¬ 
former* 

Rated current of the primary winding, 37 amperes; 

Exciting current at rated voltage, 2.59 amperes. 


No-Load Tbst 


Applied Voltage, 

Exciting Current, 

Iron Loss, 
Per Cent 

Frequency, 

Per Cent 

Per Cent 

Per Cent 

100 

100 

100 

100 

150 

660 

196 

100 


Iron loss at rated voltage, 41,500 watts; 

Load^test lose (copperloss at 32® 0.) =* 38,900 watts; 
D.C. resistance of low-voltage winding, 0.019 ohm 
at 32® C.; 

D.C. resistance of high-voltage winding 11.2 ohms 
at 32®C.; 

Turn ratio, 28; 

Per cent reactance dtop, • 
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The transformer is loaded in such a way that the 
secondary induced e m.f is m phase with the secondary 
current. 

1. Calculate: (a) the efficiency of the transformer 
when operating at rated pnmary voltage, current, and 
frequency; (b) the efficiency of the transformer when 
operating at 160 per cent rated voltage, and at rated 
primary current and frequency. 

2. Calculate the primary power-factor for each case 
stated in (1). 

123. Two 140,000- to 6000-volt, 60-cycle transform¬ 
ers are operated in parallel on both the primary and 
the secondary sides. The following things axe known 
about the transformers: 


Hating 

2000 kv-a 

6000 kv-fiu. 

Effective resistance high-vol- 
tage winding . 

20 7 ohms 

12 4 ohms at 

Effective resistance low-vol¬ 
tage winding.. . 

0.08 ohm 

operating temp. 

0 024 ohm at 

Iron loss ... 

24,000 watts 

operating temp. 
41,600 watts 

Exciting current.. . . 

7 1 per cent 

6 9 per cent 

Reactance drop. . . 

8 86 per cent 

8.4 per cent 

Turn ratio... 

28 

28 


The transformers are operated at a secondary voltage 
of 6000 volts at all loads. 

Calculate: (a) the circulating current in the second¬ 
ary windings at no load; (b) the primary voltage, cur¬ 
rent, and power-factor '^^©n the combined load pn the 
transformers is 4000 kv-a. at 97 per cent la^g pov^er- 
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factor; (c) the primary voltage, current, and power- 
factor when the combined load on the transformers is 
7000 kv-a. at 97 per cent laggmg power-factor, and 
(d) the value of the nppedance which must be inserted 
in the secondary leads of one of the transformers to 
make them share the load properly in (c). 

124. Two 60-cycle, 6600- to 66,000-volt, step-up 
transformers are operated in parallel on the primary 
and secondary sides. The following data on the trans¬ 
formers were obtained from the load-loss test. (The 
instruments were connected in the high-voltage side.) 


Transfonner 

Capacity 

Current 

Voltage 

1 

Power Loss at 
76° C. 

1000 kv-a 

15 15 amps 

3350 volts 

8,120 watts 

6000 kv-a. 

* 

75 8 amps 

3700 volts 

29,000 watts 


Turn ratio, 10. 

Calculate: (a) the kv-a output of each transformer 
when the total load is 6000 kv-a. at 90 per cent lead¬ 
ing power-factor; (6) the maximum 90 per cent lead- 
mg power-factor kv-a. load possible without exceedmg 
the rated capacity of either transformer; and (c) the 
value of the impedance which must be connected m 
series with the secondary winding of each transformer 
to obtain the proper division of load at all loads. 

126, Figure 11 is a wiring diagram of an auto-trans¬ 
former. The rating of an auto-transformer is usually 
expressed as the difference between the voltage of the 
high-voltage winding and the voltage of the low-voltage 
winding multiphed by the rated current of the portion 
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of the winding acrosa which this difference in voltage 
exists The volt-ampere ratiag of the transformer in 
Fig. 11 is equal to (7# — Vi) hz. 

Derive the following approximate formula for the 
relative ratings of an ordinary two-circuit transformer 
and an auto-transformer for equal power transforma¬ 
tions- 

Rating of two-circuit transformer _ 7a 

Rating of auto-transformer ~ (7a — Vi)’ 

-f- 

o 

o 

o 

s 


s 

_i_ 1(3) _ 

Pia. 11 

126. A certain single-phase load requires 75 kv-a. at 
440 volts. The only power supply available is a 600- 
volt a.c. circuit. Calculate, (a) the power rating of a 
two-circuit transformer required to supply this load; 
and (b) the power rating of an auto-transformer re¬ 
quired to supply the same load. 

127. (a) Repeat the calculations in Problem 126 for 
a load of 75 kv-a. at 100 volts. 

(b) What danger is involved in using an auto-trans¬ 
former? 

128. The following things are known about a 20- 
kv-a., 500 to 100-volt, 60-cycle auto-transftomer: 

Effective resistance at 75° C. of high-v-oltage wind¬ 
ing (1-3) Fig. 11 = 0.071 dim. 
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Effective resistance at 75° C. of low-voltage win¬ 
ing (2-3) = 0.0054 ohm. 

Leakage reactance of winding (1-2) = 0 261 ohm. 
Leakage reactance of winding (2-3) = 0 0241 ohm 
Iron loss, 250 watts. 

No-load primary current, 1.75 amperes. 

The load is connected across terminals 2 and 3 ar 
requires 15 kv-a. at a lagging power-factor of 0.8 
The temperature of the transformer is 75° C 
Calculate: (a) the voltage regulation of the tran 
former; and (fe) the efficiency of the transformer. 

129. Give a wirmg diagram showing the proper wi 
to connect a two-step, three-phase, auto-starter to 
three-phase motor. The motor is to be started at on 
half rated voltage. 

130. The daily load on an 830-kv-a , 13,200- to 660 
volt, 60-cycle transformer is as follows: 

600 kv-a, at 6600 volts, 84 per cent lagging power factor ' 
for 4 hours. 

410 kv-a, at 6600 volts, 76 per cent lagging power factor « 
for 7 hours 

160 kv-a, at 6600 volts, 76 per cent lagging power factor « 
for 8 hours. 

No-load at 6600 volts, on for 6 hours 

The copper loss, obtained from the load-loss test, 
9200 watts at 65°; 

The iron loss is 6300 watts at all loads; 

The exciting current is 7 per cent. 

Calculate the approximate all-day efficiency of th 
tranafcMmer. Assume that the temperature of tl 
transformer does not differ appreciably from 66° C. . 
any time during the day. 

131. The primary windings of titiree identical tran 


t > 
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formers are Y-connccted and the terminals are con¬ 
nected to a balanced three-phase power supply. The 
secondary windings may be connected in delta or in 
Y. Each secondary winding has an effective resistance 
of 0.1 ohm and a leakage reactance of 0.21 ohm. The 
induced e.mf. in each secondary winding due to the 
mutual flux contams a fundamental of 5000 volts and 
a third harmonic of 642 volts r.m s. values. Calculate: 
(a) the secondary terminal voltage at no-load, second¬ 
aries dolta-connected; (b) the circulating current in 
the mesh formed by the secondary windings when 
delta-connected; (c) the secondary terminal voltage at 
no-load, secondaries Y-coimected; and (d) the Y-phase 
secondary voltages, secondaries Y-conneoted. 

132. Two identical transformers are connected in 
open-delta on the primary and secondary sides. The 
transformers supply a 626 kv-a., balanced three-phase 
load. The voltage across any two line wires supplying 
the load is 650 volts. The power-factor of the load is 
0.94 lagging, (a) Calculate the kv-a. rating of the trans¬ 
formers required to supply this load, (b) Calculate 
the power-factor of each transformer secondary, (c) 
Draw a complete vector diagram showing all voltage 
and current relations. 

133. Two identical transformers are used for the 
purpose of transforming from two-phase to three-phase. 
Each secondary winding is provided with 86.6 and 60 
per cent taps. The secondaries axe T-conneoted and 
supply a 660-kv-a., balanced three-phase, 60 per cent 
lagging power-factor load. The load voltage at the 
terminals of the traij^onners is 276 volts. The ratio of 
the turns on the high-voltage winding to ihe total 
number of, tqme on the low-voltaigs winding is 10. 
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(а) Calculate the approximate terminal voltages and 
currents in the pnmary windings. (Neglect the excit¬ 
ing currents and the impedances of the transformers.) 

(б) Draw a vector diagram showing the primary and 
secondary voltages and currents of each transformer, 
(c) Calculate the power and the power-factor of each 
transformer coil. 

134. Figure 12 is a diagram of a mesh-connected, 
six-phase load The voltages from 4 -jB, B-C^ C-D, 
D-Ej E~Fj and F-A have equal r.m.s, values and may 


A 



be represented by six vectors 60 time degrees apart. 
The r.m.s. value of these voltages is 160 volts, (a) 
Calculate the r m s values of the voltages between A 
and Cj A and D, and A and E. (b) Show by vector 
diagram that the instantaneous voltage between A and 
C m the sense A-C is equal to the instantaneous volt¬ 
age between F and D m the sense F-D, In other 
words, show that the voltage A-C is in phase with the 
voltage F-D, (c) Show that voltage C-E is m phase 
with voltage B-F and equal to it. (d) Show that volt¬ 
age E-A is in phase with voltage D-B and equal to 
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it. (e) Show that the voltages A-D, C-F, and E-B are 
equal and 120 degrees out of phase. (/) Show that the 
voltages A-C, C~E, and E-A are equal and 120 degrees 
out of phase. ((7) Show that the voltages F-D, D~B, 
and B-F are equal and 120 degrees out of phase. Note 
that the six-phase voltages may bo produced by com¬ 
bining two three-phase systems having opposite phase 
rotation of the line voltages. 

136. Three identical 2200- to 440-volt smgle-phase 
transformers are coimected in delta on the high-voltage 
side to a balanced three-phase supply. The secondaries 
supply a balanced six-phase load. The load of trans¬ 
former 1 (see A.I.E.E. Rules in regard to the proper 
way of marking the terminals of transformers) is con¬ 
nected to A, Eig. 12, and X 2 is connected to D. Simi¬ 
larly xi and X 2 of transformer 2 are connected to C 
and F respectively, and *1 and X 2 of transformer 3 are 
connected to E and B respectively. The phase current 
(the current in A-B or B-C, etc.) has an r.ni.s. value 
of 226 amperes. The phase power-factor is unity, 
(a) Calculate the phase voltage. (6) Determine the 
proper kv-a. rating of the transformers to supply this 
load. 

136. Three identical 4400- to 600-volt single-phase 
transformers are Y-connected on the high-voltage side 
to a balanced three-phase supply. Each transformer 
has two 300-volt secondary windings. The secondaries 
are connected in double-delta to a balanced six-phase 
load. The mesh current in the six-phase load has an 
r.m.B. value of 310 amperes. The power-factor of the 
load is unity. Calculate: (a) the current ratings of 
the transformer windings; and (6) the total kv-a. 
rating of the transformers. 
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137. An alternator has 4 poles and is driven at a 
speed of 1800 r.p m. Calculate the frequency. 

138. Derive a formula for calculating the induced 
emi. m a phase of an alternator Assume that the 
field form is smusoidal, that the cod pitch is 180 elec- 
tncal degrees, and that the e m.f.'s in all the coils are 
in phase. 

139. Derive a formula for calculatmg the induced 
e.m.f. m a phase of an alternator. Assume that the 
field form is nonnainusoidal, that the coil pitch is not 
180 electrical degrees and that the e m.f.'s induced in 
the coils are not m phase. 

140. Four coils are placed on the armature of an 
alternator as follows: Pour of the coil sides are placed 
in adjacent slots, 16 electrical space degrees apart, and 
the remaining coil sides are similarly placed m adja¬ 
cent slots located 180 electrical space degrees from the 
first. The coils are connected in series so as to obtain 
the Tnaximum voltage between the terminals of the 
group. The emf, induced in each coil is sinusoidal 
and has an r.ms. value of 15.1 volts, (a) Calculate 
the resultant em.f. induced in the coil group. (6) 
What would be the resultant e.m.f. induced in the 
coil group if the coils were all placed in the same slots? 
(c) What are the advantages of a distributed armature 
windmg over one that is concentrated? 

141. A 4-pole, three-phase alternator has a double 
layer winding. The armature has four slots per pole 
per phase. There are four coil groups per phase and 
four coils per group (the coil sides are placed in adja^ 
cent dots). The coils in a group and the coil groups 
belonging to a phase are all connected in series. The 
coil pitch is ft, (a) Draw an armature winding dia- 
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gram. (&) Draw a section of the armature showing the 
location of the coil sides of a phase 

142. Prove that the third harmonic in the induced 
c.ni.f. in an armature coil, due to the third harmonic in 
the space distribution of the flux, may bo eliminated 
by making the coil pitch ^rr. What are the advantages 
and disadvantages of using shori^-pitch coils? 

143. A two-phase alternator has 6 polos, operates at 
a speed of 1200 r.p.m., and has 600 turns m series per 
phase. The flux hnkiiig each turn varies smusoidally 
and has a maximum value of 1,000,000 linos. The coil 
pitch is 180 olectneal space degrees. The o.m.f.'s in 
the coils are in phase. Calculate: (a) ihe frequency of 
the induced e.m.f.; and (?j) the r.ms. value of the 
voltage induced between armature tcnninals. 

144. Each phase of a four-polo, Y-conneoted alter¬ 
nator consists of four coil groups connected in series. 
Each coil group consists of four coils connected in 
series. The adjacent coil aides in a group are placed 
in adj'acent slots 16 electrical space degrees apart. 
Each coil has 10 turns. The field form has a funda¬ 
mental of 1,000,000 lines and a third harmonic of 
100,000 linos. The flux densities, duo to the fundsr 
mental and the third harmonic in the space distribu¬ 
tion of the flux, have their maximum values at the 
center of the pole faces and both fields have the same 
directions at these points. The alternator is driven 
at a speed of 1800 r.p.m. (a) Calculate the Y-phase 
and terminal e.m.f,’B of the alternator when full-pitch 
coils are used. (6) Calculate the Y-phase and terminal 
e.m.f.’6, when the coils have fir pitch, (c) What are the 
wave shapes of the e.m.f.'B obtained in a and 6? 

146. Prove i^t the armature reaction field due to 
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the annature currents in a polyphase alternator rotates 
at the same speed and in the same direction as the main 
revolving field produced by d.c. excitation. 

146. Prove that the induced e m.f. in an armature 
coil of a polyphase alternator due to the flux produced 
by the armature cuiTents alone is 90 time degrees be¬ 
hind the current in the coil. (The positive sense of 
this e.m.f. is assumed the same as the positive sense 
of the current m the coil) What other assumptions 
did you make in your proof7 Why? 

147. How are alternators rated? (See A I.E.E. Stand¬ 
ardization Rules.) 

148. A single-phase alternator with a distributed 
mesh armature wmdmg is rated at 5 kv-a., 110 volts. 
What would be the kv-a and voltage rating of this 
machine if connected for three-phase operation? (As¬ 
sume the same armature copper loss in each case.) 

149. Define: (a) armature phase effective resistance; 
(b) armature phase leakage reactance; (c) armature 
phase reaction electromotive force; (d) synchronous 
reactance; (e) synchronous impedance. 

160, How is the synchronous impedance of an alter¬ 
nator measured (see A.T.EE. Standardization Rules)? 
In what way does the synchronous impedance of an 
alternator depend on the field current? 

151. Why is the ratio of the effective resistance of 
an alternator winding to its d.c. resistance larger than 
a similar ratio for a transformer? 

162. (a) Explain the meaning of the following equa¬ 
tion for the terminal voltage of an alternator. 


V^E-ZI 
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where V = the terminal voltage, the resultant rise m 
voltage through the armature wmdmg 
taken positive in the same sense in 
which the armature current is taken as 
positive, 

E = the induced e.m.f. due to the field flux 
produced by the field current alone (no 
armature current) taken positive in the 
same direction in which the armature 
current is taken as positive; 

ZI = the voltage drop due to resistance, leak¬ 
age reactance, and armature reaction 
taken positive in the same direction in 
which the armature current is taken as 
positive, 

ZI = rl + jxl + j Ear, 


rl = the effective resistance drop; 

xl = the leakage reactance drop; 

Ear = the voltage drop due to the e.rni. pro¬ 
duced by the armature reaction field 
alone. 

The above voltages and currents may be expressed 
in Y-phase or delta-phase values. 

(b) Construct a complete vector diagram showing the 
relations between the e.m.f.^s, the voltage drops, and the 
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current in an armature phase of an alternator when 
the alternator dehvers rated kv-a. at rated voltage to, 
(1) a zero lagging power-factor load, (2) a zero leading 
power-factor load, and (3) a umty power-factor load. 

163. A smgle-phase alternator dehvers 4 kv-a. at 
120 volts to, (a) a leading power-factor load, (b) a unity 
power-factor load, and (c) a laggmg power-factor load. 
The field currents required to maintain 120 volts for 
the different loads were 0.7, 1.1, and 1.2 amperes 
respectively. Explain. 

164. A certain alternator delivers rated kv-a. at 
rated voltage to, (a) a highly mductive load, and (b) 
a highly condensive load. For which load are the losses 
in the alternator the largest? Explain. 

166. The following things are known about a 5000- 
kv-a,, 6700-volt, 60-cycle, three-phase synchronous 
generator: 

Effective resistance of armature at 76° C. = 0 12 
ohm per Y-phase. 

S3mchronous impedance of armature at 76° C. = 1 8 
ohms per Y-phase. 

The generator delivers rated kv-a, at rated voltage 
and at, (a) 80 per cent lagging power-factor, (6) unity 
power-factor, and at (c) 80 per cent leadmg power- 
factor. (1) Calculate the Y-phase excitation voltage 
required for each load. The excitation voltage is the 
induced voltage due to the flux produced by the field 
current alone (no armature current). (2) Construct 
complete vector diagrams showing the voltage and cur¬ 
rent relations for each load. 

166, The following data were obtained on a 15-kv-a., 
220-volt, 60H3ycle, three-phase generator: 
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No-Load Saturation Curve 


Prequency 

ITield 

Cnrrenli 

Amps 

Terminal 

Voltage, 

Volts 

60 

2 

80 

00 

4 

146 

60 

6 

198 

60 

10 

204 

60 

12 

284 

60 

14 

296 

00 

16 

304 


Zero PowEHrPAcrroR Saturation Curve, Armature 
Current 30 4 Amps, Temperature 76° C. 


Froquoncy 

Field 

Current, 

Amps 

Terminal 

Voltage, 

Volte 

60 

0 9 

0 

60 

8 0 

40 

60 

10 0 

103 

60 

12 0 

158 

60 

14 0 

199 

60 

16 0 

229 

60 

18 0 

261 


D.C. resistance measured between armature termi¬ 
nals referred to 75® C. = 0 260. 

Ratio ^ 1.34, at 76® C. 
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(а) Plot the no-load and the zero power-fact 
curves and paste them m the book for future referenc 

(б) Calculate: (1) the effective Y-phase reaistanc 
(2) the Y-phase synchronous impedance at rated tc 
minfll voltage, rated current, and at zero lagging powe 
factor; and (3) the Y-phase synchronous reactance . 
rated terminal voltage, rated current, and at zero la 
ging power-factor. 

167. The generator mentioned in Problem 156 su] 
phes rated kv-a. at rated voltage to an 87.4 per cei 
lagging power-factor load. Calculate the voltage regi 
lation of the alternator at 75° C. Use one of tl 
methods outlined in the A.LE.B. Standardizatic 
Rules. 

168. Repeat the calculations in Problem 157 for 
unity power-factor load. 

169. Repeat the calculations in Problem 157 for a 
87.4 per cent leading power-factor load. 

160. Repeat the solution of Problem 157, using th 
e.m,f. and m.m.f. methods. (These methods are no^ 
obsolete but can be found explained in early texi 
books) Why are these old methods fundamental!, 
wrong? 

161. Estimate the zero power-factor curve in Prot 
lem 156. Compare your curve with that found by test 
Why are the curves of slightly different shape? Se 
A.I.E E. Rules. 

162. Two identical 6500-kv-a., 12,000-volt, 25-cycle 
three-phase, Y-connected alternators are connected u 
parallel and supply 10,000 kv-a. at a terminal voltag 
of 12,000 volts to a 91 per cent lagging power-facto 
load. The following things are known about tb 
alternators: 
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No-Load Saturation Curve at 26 Cycles 


Terminal 

Voltage 

Field 

Current 

Terminal 

Voltage 

Field 

Current 

2000 

30 

10,000 

160 

4000 

60 

12,000 

210 

6000 

90 

14,000 

270 

8000 

120 

16,000 

360 


Effective resistanoe per Y-phaae referred to 75° C =1 73 ohms. 


Zero PowertPaotor Curve Referred to 75° C (Line 
Current 313 Amperes, Frequency 26 Cycles) 


Terminal 

Voltage 

Field 

Current 

Terminal 

Voltage 

Field 

Current 

0 

100 


230 

2000 

126 


280 

4000 

160 


340 

6000 

190 


425 


1 . (a) Plot the no-load saturation and zero power- 
factor curves; paste the curves in the book for future 
reference. (6) Calculate the Y-phase synchronous 
impedance at rated voltage and current. 

2 , One of the alternators operates at a field current 
of 360 amperes and dehvers 4000 kilowatts, (a) Calcu¬ 
late the field current required on the other alternator 
to maintain 12,000 volts, at 26 cycles at the load. (6) 
Calculate the power-factor at which each alternator 
operates, (c) Draw a complete vector dia^am showing 
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aU current and voltage relations, (d) What adjust¬ 
ments are necessary to make the alternators share the 
loads equally? 

163. The alternators specified in Problem 162 are 
operated at no-load (no external load connected to the 
bus-bars). The voltage between the bus-bars is 12,000 
volts and the frequency is 25 cycles. The excitation 
voltage to neutral in a phase of one of the machines is 
7500 volts and leads the bus-bar voltage to neutral in 
this phase by an angle of 10 time degrees, (a) Calcu¬ 
late the circulating current. (6) Calculate the elec¬ 
trical power which is transferred from one of the 
machines to the other. 

164. Two 2300-volt, three-phase, Y-connected alter¬ 
nators are connected in parallel and supply an 824- 
kv-a. load at 2300 volts and 95 per cent leading power- 
factor. The ratings and the constants of the machines 
are as follows. 


Rating 

Y-phase 

Effective Resistance 

Y-phaae 

Sjmehronous Impedance 

760 kv-a. 
600 kv-a. 

0 141 ohm 

0 220 ohm 

2 31 ohm 

2,60 ohm 


The governors of the prime movers and the field exci¬ 
tations of the generators are so adjusted that each 
machine operates at the same power-factor and delivers 
a current in direct proportion to its kv-a, rating, (a) 
Draw a complete vector diagram showing the voltage 
and current relations, (b) Calculate the excitation 
e.m.f ^8 r^uired and the phase angle between them. 


f 


\ f 
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166. Two altematorsj A and B, are operated in 
parallel, 

(а) Wliat factors determine the power output of A? 

(б) What adjustments are necessary to make the 
circulating current zero? How is it possible to tell 
when the circulating current is zero? 

(c) How are the current outputs of the machines 
brought in phase with the load current? How can one 
teU when this condition is satisfied? 

(d) Under what conditions are the outputs of the 
alternators inversely proportional to the synchronous 
impedances of their armatures? 

166. Show that the power-factor of an alternator 
operatmg in parallel with others becomes leading when 
its field excitation is lowered sufiBciently. 

167. Show that the power-factor of an alternator 
operatmg in parallel with others becomes lagging when 
its excitation is raised beyond a certain value. 

168. The governor on the prime mover of an alter¬ 
nator operal^ in parallel with others of much larger 
capacity is set at a definite point. Why is it true that 
the output of this alternator cannot be changed 
(neglectmg the change m copper loss in its armature) 
by changing the field current? 

169. Two identical 2300-volt, Y-connected alterna¬ 
tors are operated in parallel. Each alternator is rated 
at 760 kv-a., has a Y-phase effective resistance of 
0.123 ohm, and a Y-phase synchronous impedance of 
2.13 ohms. The Y-phase excitation e.m.f. of each alter¬ 
nator is 1330 volts. The excitation e.m.f.'s in corre¬ 
sponding phases are 6 time degrees out of phase (with 
refOTence to the bus-^bars). No external load is con¬ 
nected to the bUs-t«a:s. Calculate the power tending 
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to make the phetse-angle between the excitation e.m.f.^s 
zero. 

170. The following things are known about two 
10 ,000-kv-a., 4150-volt, 60-cycle, three-phase, Y-con- 
nected generators: 


Alteru&itor 

Y-phase Effective 

Y-phase Synchronous 


Resistance at 76® C 

Impedance at 76® C. 

A 

0 0062 ohm 

0 6S2 ohm 

B 

0 0091 ohm 

0 682 ohm 


The two generators are operated in parallel and supply 
a balanced three-phase load of 15,000 kv-a. at 4150 
volts. The governors on the prime movers and the 
excitation voltages on the generators are so adjusted 
that the copper loss in the armatures is a minimum. 
Neither of the machines is allowed to carry an over¬ 
load. Calculate (a) the current output of each gen¬ 
erator; (6) the power output of each generator; and 
(c) the excitation voltage required on eact generator 
and the phase-angle between the excitation voltages in 
corresponding phases. 

171. A three-phase synchronous generator is rated 
at 850 kv-a. at 11,000 volts. The losses m the gen¬ 
erator at rated unity power-factor load are: 

Stator copper loss referred to 75® C. 7,81 kw. 

Rotor copper loss referred to 75® C .. 5 30 kw. 

Gore loss . . . 20.3 kw. 

Friction and windage loss .. 12.0 kw. 

The Y-phase synchronous impedance (referred to 
75° C.) of the generator is 42 ohms. The operating 
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temperature of the machine is 75® C. Calculate the 
ejficiency of the generator at, (a) rated unity power- 
factor load, and (b) at one-half rated armature current, 
unity power-factor load. (Assume that the field cur¬ 
rent of the generator is constant and that the tempera¬ 
ture of the machine is also constant.) 

172. (a) Show by a series of diagrams that when a 
two-phase current is established in a two-phase arma¬ 
ture winding a revolving magnetic field is produced. 
(6) Show that the speed of this revolving field in 

2 f 

revolutions per second is where f is the frequency 

of the current, and p the number of poles for which 
the armature is woimd. 

173. Explain in detail the meaning of the following 
relations for the applied voltage to a synchronous 
motor: 

V = E' + ZI = E' + (r +jX)I, 

V = E"+(r+ 3 x)I, 

V = E"' + rl, 

• • • 

where V = the total voltage drop per Y-phase 
(assumed positive in the same direc¬ 
tion in which the current is taken 
positive); 

E' = the voltage drop per Y-phase (assumed 
positive in the same direction in which 
the current is taken positive) due to 
the induced e.m,f. caused by the flux 
' produced by the field current alone; 
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E" s= the voltage drop per Y-phase due to the 
induced em.f. caused by the mutual 
flux produced by the armature cur¬ 
rents and field current combmed, 

E'" = the voltage drop per Y-phase due to the 
e m.f. produced by all the flux linking 
a phase; 

r = effective Y-phase resistance; 

X = Y-phase synchronous reactance; 

X — Y-phase leakage reactance; 

and 

I = Y-phase current. 

174 . Construct a complete voltage drop-current vec¬ 
tor diagram for a ssmcli^nous motor, showing all the 
quantities given by the equations m Problem 173. 

176 . The following things are known about a 10-h p., 
220 -volt, 6-pole, 60-cyole, three-phase synchronous 
motor. 

Effective resistance per delta-phase at the operating 
temperature, 0.119 ohm; 

Synchronous impedance per delta-phase at the oper¬ 
ating temperature, 0.785 ohm. 


The motor is connected to a 220-volt, 60-cycle, bal¬ 
anced three-phase supply, and the current per terminal 
is 21 an^eres. The field ourr^t of the motor is so 


,adjusted that the exciltaiicDi voltage is 220 volts. (1) 
;(|ailqulate: (o) the speed of the motqr,; C^) the power- 
f^to4 ^ whitdi the moter operates; a^^d (c) the total 
power w^h leaves t^e luppature winding of the motor. 
,(21 Cisiatr^ct.a <jomifie4 d^i^^-fflixrent vector 


i i : ■! ' 

it 


iiiii 
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due to the e.m.f. induced by the flux established by the 
flold current alone, the voltage drop due to the syn¬ 
chronous impedance, and the phase current. 

176. The following things are known about a 12-h.p., 
220 -volt, three-phase, 60-cycle, Y-connected synchron¬ 
ous motor: 

No-Load Satuhation Curve (Prbqubnoy 60 Ctclbs) 


Terminal 

Voltage, 

Volts 

Field 

Current, 

Amps 

Terminal 

Voltage, 

Volts 

Field 

Current, 

Amps 

146 

4 0 

264 


199 

6 0 

284 


238 

8 0 

296 

14 0 


Zero Powbr-Paotor Curve (Frbqubnoy 60 Cycles, Tbm- 
PBRATUBB 26° C AND LlNE CURRENT 30 4 AnfBRBB) 


TermmaJ 

Field 


Field 

Voltage, 

Current, 

Voltage, 

Current, 

Volts 

Amps 

Volts 

Amps. 


6 9 

199 

14 0 


12.0 

229 

16 0 


D.O. resistance measured between terminals at 26° 
C. - 0.263 ohm; 

^eotive resistance » 1.36 times d.o. resistance at 
78“ C.;, 

Total fricl^dn -t- windage + core loss = 1.96 kw. 
(Assume that this loss is constant at bU loads.) 
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The motor is connected to a balanced 220-volt, 60- 
cycle, three-phase supply. The motor delivers 8 
h.p. at the pulley and operates at unity power- 
factor and a temperature of 75° C. 

(a) Plot the no-load saturation and zero power- 
factor curves on the same sheet of paper and paste 
them in the book. (5) Calculate the field current re¬ 
quired on the motor. (The motor is excited by an 
entirely separate machine) 

177. The followmg things are known about a 1070- 
hp., 11,000-volt, 60-cycle, three-phase synchronous 
motor: 

No-Load Satora-tion Gtravn (Frequency 60 Cycles) 


Terminal 

Voltage, 

Volts 

Field 

Current, 

Amps 

Terminal 

Voltage, 

Volts 

Field 

Current, 

Amps. 

4,000 

20 

12,300 

80 

8,100 

40 

14,160 

120 

10,800 

60 

14,760 

140 


Zero Power-Factor Curve (Frequency 60 Cycles, 
Current 44 6 Amperes, Temperature 26° C ) 


Terminal 

Voltage, 

Volts 

Field 

Current, 

Amps 

Terminal 

Voltage, 

Volta 

Field 

Current, 

Amps 

0 

43 

10,600 

120 

6800 

80 

11,800 

140 

9100 

100 

12,400 

160 


f 


1 I 
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D.C resistance measured between tcmimals at 20° 
C. = 2 64 ohms. 


Core loss, 8.2 kw.; 

Fnction and windage loss, 9.3 kw. 

The rotor of the motor is excited from an entirely 
separate unit. The motor delivers 800 h.p. and is 
supplied by power from a 11,000-volt, 60-cyclo, bal¬ 
anced three-phase supply. 

(a) Plot the no-load and zero power-factor curves 
and paste them in the book, (b) Plot a V-curvo for 
the motor corresponding to an output of 800 h.p. 
The excitation voltages may be calculated analytically 
or may be obtained from a circle diagram, (c) What 
assumptions did you make in (b)? 

178. The synchronous motor specified in Problem 
176 is operated from a balanced 220-volt, 60-cycle, 
three-phase supply. The motor is excited from a 
separate unit, delivers 5 h.p., and operates at unity 
power-factor. Calculate: (a) the field current required 
on the motor; (6) the power-factor of the motor when 
the frequency and the field current are the same as in 
(a) but the applied voltage is 280 volts. 

179. The sjmehronous motor specified in Problem 
176 is operated in parallel with a 10-h.p. induction 
naotor. The input to the ioduction motor is 11.6 kv-a. 
at a lagging power-factor of 83 per cent. The output 
of the synchronous motor is 5 h.p. The line voltage is 
220 volts and the frequency 60 cycles. The field cur¬ 
rent of the S3rnchronous motor is so adjusted that the 
combiaed load operates at unity power-factor. (1) 
Calculate: (a) the current input to the induction 
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10tor, (6) the current input to the synchronous 
10tor, (c) the excitation voltage and the field current 
f the synchronous motor, (d) the current input to 
le synchronous motor, and (e) the combined current 
f the two loads (2) Draw a complete voltage drop- 
urrent vector diagram showing the Y-phase apphed 
oltage, the terminal current of the induction motor, 
tie terminal current of the synchronous motor, and the 
Dtal hne current. (3) What assumptions have you 
lade in the solution of this problem? 

180. The synchronous motor in Problem 176 is con- 
ected to a 220-volt, 60-cycle, balanced three-phase 
apply It is now operated at full-load (a) Calculate 
he ma,xinnum and TTunimum theoretical excitation volt- 
ges at which the motor will operate. (6) Do you 
onsider these voltages practical? WTiy? (c) WTiat 
ssumptions have you made in the solution of this 
Toblem? 

181. The synchronous motor in Problem 176 is con- 
ected to a 220-volt, 60-cycle, balanced three-phase 
apply. The motor is loaded until it fails (1) Calcu- 
ite* (a) the maximum theoretical torque; (6) the 
heoretical hne current when the motor fails; and (c) 
he corresponding power-factor. (2) Explain why the 
alues calculated in (1) can probably not be checked 
1 the laboratory? 

182. The motor in Problem 177 is connected to a 
1,000-volt, 60-cycle, balanced three-phase supply. 
The motor supphes a mechanical load of 600 h.p. (1) 
laloulate: (a) the Tnaximum theoretical leadmg power- 
actor an^e at which the motor can be operated with- 
lut exceeding its current ratmg; (b) the mfl.inTTmm 
Jieoretioal lag^ng power-factor ai^^e, and (c) 
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field currenta required to obtain these angles. (2) 
What assumptions did you make m (1)? 

183. The motor specified m Problem 177 is con¬ 
nected to a 11,000-volt, 80-cycle, balanced three-phase 
supply. The field current is adjusted for an excitation 
e m f. of 125 per cent of the rated terminal voltage of 
the motor, (a) Calculate the maximum theoretical 
motor power possible for this value of excitation. (6) 
Calculate the maximum theoretical motor power when 
the excitation voltage is 75 per cent of the rated ter- 
mmal voltage of tlie motor, (c) What assumptions 
have you made in the solution of this problem? 

184. A certain synchronous motor is operated at 
constant field current. Prove that the maximum 
torque developed by the motor is a function of the 
first power of the apphed terminal voltage. 

186. A certain synchronous motor is operated at 
constant power-factor. Prove that the maximum 
torque is a function of the square of the voltage. 

186. A three-phase synchronous motor is operated 
in parallel with a group of three-phase induction 
motors. The line voltage is 440 volts. The induction 
motors require a combined delta-phase current of 400 
amperes, and operate at a lagging power-factor of 83 
per cent. The total power input to the synchronous 
motor is 25 kilowatts. Calculate the kv-a. rating of the 
S3mchronous motor required to make the power-factor 
of the combined load unity. 

187. The synchronous motor specified in Problem 
177 is supplied by power from a 11,000-volt, 60-cycle, 
balanced, three-phase power supply. The motor 
delivers 1070 h.p. The field is over-excited, so that 
the motor armature terminal current is 60 amperes. 
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The resistance of the rotor field winding is 0.81 ohm 
at 75° C. The motor operates at a temperature of 76° 
C. (1) Calculate: (a) the power-factor; (6) the rotor 
field loss; and (c) the efliciency of the motor at 76° C. 
(2) The field current is changed so that the motor oper¬ 
ates at unity power-factor. Calculate the eflficienoy at 
75° C. 

188. The synchronous motor specified in. Problem 
176 is operated at the end of a three-phase transmission 
hne. The motor is driven by an alternator whose con¬ 
stants are equal to those of the motor The fields of 
the two machines are excited from an entirely separate 
unit. The field current in each machine is 10 amperes. 
The frequency is 60 cycles. The transmission line has 
a resistance of 0.42 ohm and a reactance of 0.5 ohm. 
The load on the sjmchronous motor is 5 h.p. The 
machines operate at a temperature of 26° C. (1) Cal¬ 
culate: (a) the voltage across the terminals of the 
motor; (6) the voltage across the terminals of the gen¬ 
erator, and (c) the phase-angle between the excitation 
e.m.f.'s of the two machines. (2) Construct a complete 
vector diagram showing the voltage and current rela¬ 
tions. 

189. Draw an armature wiring diagram of a 4-pole, 
six-phase, six-nng, synchronous converter, showmg the 
proper connections to the six rings and the proper loca¬ 
tion of the d.c. brushes. A ring winding, although not 
used in practice, may be used in illustrating the con¬ 
nections. 

190. Why is a closed-circuit winding (a mesh wind¬ 
ing) essential on a synchrcmous converter? 

191. Derive a formula showing the relation between 


^ f 
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the a.c. ring current and the total d.c. output current 
of a synchronous converter. 

192. Derive a formula showmg the relation of the 
a.c. voltage between adjacent nngs to the d.c. voltage 
of a synchronous converter. 

193. Derive a formula showing the relation between 
the a.c. component of the coil current to the d.c. com¬ 
ponent for a given coil on a synchronous converter. 

194. Derive an equation for the resultant mstan- 
tanoous current in a coil located on the armature of a 
synchronous converter. 

196. A 4^pole, six-phase converter delivers 720 kilo¬ 
watts on the d.c. side. The converter operates at a 
Icadmg power-factor of 97 per cent, at an efficiency of 
94 per cent, and at a d.c. voltage of 660 volts, (a) 
Calculate the r.m.s. value of the voltage between adja¬ 
cent rings. (6) Calculate the r m.s. value of the total 
current supplied to a ring, (c) Of what value are these 
calculations? 

196. A 4-pole, three-phase converter dehvers 425 
kilowatts at a d.c. voltage of 260 volts. The converter 
operates at an efficiency of 90 per cent, and at a lag¬ 
ging power-factor of 87 per cent, (a) Plot the waves 
for the a.c. and d.c. components of the coil current in 
a coil located midway between the two tapping points 
of a phase. (6) Repeat (a) for coUfl located near the 
leading and trailing tapping points, (c) Plot the result¬ 
ant current waves for the coils in (a) and (6). 

197. The following things are known about a 2000- 
kw., 16-pole, eOO-volt (d.c.), six-phase, 60-cyole, syn¬ 
chronous converter: 



66 


ALTERNATING CURRENT PROBLEMS 


Losses measured at rated unity power-factor load {tem¬ 
perature 26° C.) 


Armature copper loss. 14 7 kw 

Series field loss 3 2 kw. 

Commutating field loss . 3 75 kw. 

Shunt field loss (including rheostat) 5 9 kw. 

Core loss , . 16,6 kw. 

Total friction loss . 30 0 kw. 


The field on the converter is adjusted so that unity 
power-factor is obtained on the a.c side. The con¬ 
verter operates at a temperature of 25° C. Calculate 
the efficiency at, (a) 150 per cent rated load, (&) rated 
load, and (c) 60 per cent rated load. 

198. What win be the voltage and current ratings of 
the secondary wmdings of three transformers required 
to supply the converter specified in Problem 197 when, 

(а) the transformers are diametrically connected, and 

(б) when the transformers are connected in double¬ 
delta? The converter is assumed to operate at rated 
d.c. voltage and at umty power-factor on the a.c. side. 

199. A synchronous converter Hke that specified in 
Problem 197 is supplied from a 213-volt, eCksycle, six- 
phase source. Reactors havmg ^ective resistances of 
0.0001 ohm and inductive reactances of 0 08 ohm are 
connected in eadi of the six phases. The load and 
excitation on the converter are so adjusted that the 
current in the six-phaae leads is 1100 amperes. The 
power-factor of the converter measured at the converter 
rings is 0.90 leading. Cal(^ilate: (a) the d.c. voltage 
with the reactors in the circuit; and (6) the d.c. volt¬ 
age with ijhe reactors short-chcuited. 



ALTERNATING CURRENT PROBLEMS 67 


200. Give reasons for using speed-limiting devices on 
synchronous converters. 

201. What would be the approximate rating of the 
machine specified in Problem 197 if it were operated 
as an ordinary shunt generator? 

202. The primary windings of transformers supply¬ 
ing a Bix-phaso, split-pole converter must not be con¬ 
nected in delta when the secondaries are connected 
diametrically. Explain. 

203. Under what conditions is the d.c. voltage of a 
synchronous converter independent of the field cur¬ 
rent? Explain fully. 

204. For ordinary operating conditions, the e.mi. 
induced in the armature of a synchronous converter 
due to the armature reaction field is small. Explain 
fully. 

206. For what conditions of operation is the arma¬ 
ture reaction field of a converter large? Explain fully. 

206. Explain in detail the following: 

(а) Synchronous motors, for most satisfactory opera¬ 
tion, must be provided with salient poles. 

(б) Induction motors, for most satisfactory opera¬ 
tion, must be provided with smooth cyhndrical rotors. 

(c) An ordinary induction motor (a motor with no 
special equipment) must operate at less than synchron¬ 
ous speed. 

(d) In a synchronous motor the rotor is polarized 
by d.c. The current is conducted to the rotor wind- 
ing. 

(e) In an jinduction motor the rotor is polarized by 
a.o. The current is induced m the rotor winding. 

(f) The rotor poles (the poles produced by the rotor 
currents fdone) of ap ir^uotlon motew: continuously 
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slip forward (in the direction of rotation) relative to 
the rotor laminations. 

207. Show analytically that the frequency of the 
induced current in any phase of the rotor of an mduc- 
tion motor is equal to where s is the slip and fi the 
frequency of the current in the stator wmdmg. 

208. Show analyiiically that the rotor field (the field 
due to the rotor currents alone) travels at the same 
speed and in the same direction as the field produced 
by the stator currents alone. 

209. The stator and rotor windings of an induction 
motor are Y-connected. The turn ratio is 1. Show 
that the induced e.m.f. (the e.m.f. due to the air-gap 
flux) m a rotor phase is equal to the product of the shp 
by the mduced e.m.f. in a stator phase. 

210. Show that the reactance of a rotor phase of an 
induction motor is directly proportional to the slip. 

211. Show that the power, n (s £^ 21 ^ 2 ) cos 02, is equal 
to the total rotor copper loss, where n is the number 
of rotor phases, s the shp, E 2 the induced e m.f. in a 
rotor phase when the rotor is locked and open-circmted, 
I 2 the rotor current, and cos 62 the power-factor of the 
rotor. Note that the power calculated by this formula 
is the power necessary to excite the rotor. 

212. Show that the power n (1 — s) E 2 I 2 cos 62 =* 
Fv 746 

— gg - Q - , where F is the force exerted on the rotor in 

pounds, and v the velocity of a point on the surface of 
the rotor in feet per second. 

213. Prove that an induction motor operating 
at a slip s and with the rotor short-circuited, takes 
the saw® current from the supply and at the same 
power^faOtor as an identical motor connected to the 
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some supply but with the rotor locked and rcsistancoa 
equal to ra inserted in each rotor phase, where 


5*2 is the rotor phase resistance. 

214. Baaed on your proof in Problem 213, show that 
the horse power developed in the rotor of an induction 


motor equals 





216. Two identical polyphase induction motors are 
connected to the same power supply. One of the 
motors is operated at a slip of 10 per cent and with its 
rotor winding short-circuited. The other motor is 
locked and a resistance 9r2 is added externally to each 
rotor phase (r 2 is the rotor phase resistance). Deter¬ 
mine the relative values of: (a) the rotor e.m.f.’s, (6) 
the rotor currents; (c) the power-factors of the rotor 
circuits; (d) the stator currents; (e) the stator power- 
factors; (e) the power transferred across the air-gaps 
to the rotor iron; (/) the power losses in the rotors; 
and is) the power loss in the resistances (9r2) and the 
total mechanical power developed in the rotor of the 
revolving machine. 

216. The stator of a certain 60-cycle polyphase 
induction motor is wound for 8 poles. Calculate: (a) 
the speed of the revolvmg field in revolutions per min¬ 
ute; (6) the number of magnet poles formed on the 
rotor; (c) the frequency of the currents induced in the 
rotor at standstill; (d) the frequency of the currents 
in the rotor when the shp is 10 per cent; and (e) the 
speed of the rotor when the slip is 10 per cent. 

217. (a) Show that, per ampere of current in the 
stator and rotor phases of an induction motor, the 
maximum torque is produced when the centers of the 
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poles formed by the rotor currents alone are 90 elec¬ 
trical space degrees displaced from the centers of the 
poles formed by the stator currents alone. (&) Show 
that in an ordinary induction motor (a motor with no 
special equipment) the centers of the poles referred to 
in (a) cannot be 90 electrical space degrees apart. 

218. (a) Show that the insertion of resistance in the 
rotor circuit of an induction motor has a tendency to 
make the angle between the centers of the stator and 
rotor poles (the poles referred to in Problem 217), 90 
electrical space degrees. (6) Show that the insertion 
of inductance in the rotor phases tends to make the 
centers of the stator and rotor poles coincide. 

219. Figure 13 represents an experimental squirrel- 
cage induction motor. 



(a) Show how tQ copneot' the stator conductors 
(1, 2, 3, . . . 12) SO ais to obtain a 

4^pole, T[-*c 9 itneeted motor., Xjonneqt Ihe t^ippi^^^ 
th^ tjo ihfoe ^xpj>\y Tosihs inark^; S, l44 pf 
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of a tbxee-phase transmission line. Mark the common 
connecting point of the phases 0 . 

(&) Indicate the directions of the currents in the 
stator conductors, and show the location of the centers 
of the poles due to the stator currents alone. Assume 
an. instant when the current from A — 0 has its maid- 
mum value. Assume that the phase rotation of the 
line currents is AO — BO — CO. 

(c) Indicate the direction of rotation of the revolv¬ 
ing field produced by the stator currents in (6). 

{&) Indicate the direction of the rotor currents in¬ 
duced by the revolving field. Mark the approsdmate 
positions of the centers of the poles produced by the 
rotor currents alone. 

220. A certain induction motor operating at no-load 
requires a current of about 26 per cent of the rated 
current of the motor, (o) Why is the no-load current 
of an induction motor high? (6) Is the presence of this 
high no-load current objectionable to, (1) the con¬ 
sumer, and (2) the central station? 

221. Show that the magnetic reaction produced by 
the rotor currents of an induction motor is identical 
in every way with the magnetic reaction produced by 
the secondary currents in an ordmary power trans¬ 
former. 

222. Show that the applied voltage to a stator phase 
of an induction motor may be expressed by the equa¬ 
tion; 

= jB(i -h ZiJi =■ + (ri -H j®i) Ii 

^ • • 

where Ei =■ voltage drop due to the induced e.m.f. 

in a statmr phase caused the air- 
gap flux; 



I 
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n = effective resistance per stator phase; 

xi = leakage reactance per stator phase; 
and 

/i = the current per stator phase. 

223. Outline the expemnental tests necessary foi 
measuring the constants of an induction motor. Give 
a wirmg diagram for each test and show how the instru 
ments should be arranged to obtain the most reliable 
results. 

224. The following measurements were made on b 
3-horse power, 4-pole, three-phase, 110-volt, 60-cycle 
induction motor: 

D.C. resistance between stator terminals at 26° C 
— 0.334 ohm. 

D.C. resistance between rotor terminals (the machine 
has a three-phase rotor) at 26° C. = 0.52 

Voltage ratio test (rotor stationary and open-circuited) 

Stator voltage between terminals, 98. 

Rotor voltage between termmals, 108. 

No-load test (rotor running free and shcrrt-circuitedj tem¬ 
perature 26° C ) 

Terminal voltage, 110 volts. 

Frequency, 60 cycles. 

Total power mput, 274 watts (170 watts core loss 
and 104 watts friction and windage). 

Impedance test (rotor short-circuited and locked, temr 
perature 26° C.) 


Terminal voltage, 17.6 
Frequency, 60 cycles. 
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Current per terminal, 12.5 amperes. 

Total power input (three phases), 244 watts. 

(a) Calculate the Y-phase constants of the motor 
referred to 76® C. Assume that the secondary (rotor) 
leakage reactance referred to the pnmary (stator) is 
the same as the primary reactance. 

(b) Calculate the delta-phase constants of the motor 
referred to 75° C. 

(c) Plot a curve showing the relation between torque 
and slip The rotor is short-circuited and the temper¬ 
ature of the machine is 76° C. Express the torque in 
pound-feet and the slip in per cent. What assumptions 
have you made? 

(d) Calculate the maximum running torque and the 
slip at which it occurs. The answer to this question 
may be obtained from the curve plotted in (c). 

(e) Calculate the starting torque (rotor short-cir¬ 
cuited). The answer to this question may also be 
obtained from the curve plotted in (c). 

(f) Calculate the value of the resistance which must 
be added to each rotor phase to obtain the maximum 
torque at starting. 

(ff) Plot the torque-slip curve when the total rotor 
resistance is such as to obtain maximum torque at 
starting. Express the torque in pound-feet and the 
slip m per cent. 

(h) Plot a curve showing the relation between effi¬ 
ciency and horse-power output for, (1) the rotor short- 
circuited, and (2) resistances added to each rotor phase 
to obtain maximum torque at starting. 

225. (o) Show that the voltage drop relation 


V = E + ZI 
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may be represented by a circle diagram, provided V 
and Z have constant values. 

7-S 

(&) Show that the current relation I = - may 

be represented by a circle diagram, provided V and Z 
have constant values. 

Note that the relations (a) and (b) are the funda¬ 
mental voltage and current relations for an a.c. motor. 

(c) Prove that when the values in equation? (a) and 
(b) are for the same circmt, the diameter of the current 
circle lags behind the diameter of the voltage-drop circle 

by an angle whose tangent is ^ 

226. A coil having a constant resistance of 1 ohm 
and a constant inductive reactance of 2 ohms is con¬ 
nected in series with a variable resistor to a 110-volt, 
60-cycle supply, (a) Construct a voltage-drop circle 
diagram. To obtam the positions of the points, con¬ 
struct voltage-drop vector diagrams for different values 
of added resistance. Assume that the vector which 
represents the applied voltage as fixed m position, (b) 
Construct the current circle diagram, 

227. Compare the primary circuit of an induction 
motor with the series circuit in Problem 226. Under 
what conditions may a circle diagram be used in solving 
induction motor problenos? 

228. The following things are known about a 1000- 
horse power, 2200-volt, 26-cyclej, 4-pole, three-phase 
induction motor- 

Ealio of primary turns to the secondary t^m^ 1.6 
(the primary and secondary windings are both 
Tf-oonneoted)j 








ALTERNATING CURRENT PROBLEMS 


75 


D.C. reeistanco of the rotor, measured between ter¬ 
minals and referred to 75° C. = 0.0668 ohm; 

= 1.25 (at 25 cycles.) 

JKao. 

No-load test performed at rated voltage and at rated fre¬ 
quency 

No-load terminal current, 41 amperes; 

Total core loss, 11,500 watts; 

Total friction and windage loss, 14,400 watts. 

Locked test performed at rated frequency. {The values 
given are referred to rated voUage and to a temperor 
ature of 75° C.): 

Terminal voltage, 2200 volts; 

Terminal current, 1840 amperes; 

Total power input, 2036 kilowatts. 

(1) Construct a complete circle diagram and from 
the diagram, for rated output of the motor determme, 
(a) the terminal current, (6) the power-factor, (c) the 
efficiency, (d) the speed of the motor in r.p.m., and 
(e) the torque devdoped by the motor expressed in 
pound-feet. 

(2) From the circle diagram determine, (a) the 
mfl.TnmiiTn power-factor and the corresponding output, 
(5) the maximum possible efficiency, (c) the maximum 
possible torque, and (d) the torque at starting. 

229. The foUowing things are known about a 10- 
horse power, 440‘-volt, 26-oycle, three-phase, 6-pole 
induction motor: 

Hatio of primary to secondary turns 3.47 (the pri¬ 
mary and secondary windings are Y-connected); 
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D,C. resistance of primary, 0.71 ohm per Y-phase; 

D C. resistance of secondary, 0 084 ohm per Y-phase; 

= 1.26 (at 25 cydes), 

Kao 

Primary leakage reactance 1.76 ohm per Y-phase; 

Secondary leakage reactance referred to the primary 
winding, 1.81 ohms; 

No-load current at rated voltage and frequency, 9.6 
amperes. 

Total power loss at no-load 636 watts (core loss 480 
watts; friction and wmdage 166 watts). 

When the no-load voltage is 125 per cent of rated 
voltage, the no-load current is 141 per cent of the nor¬ 
mal value, and the no-load loss is 132 per cent of the 
normal value. 

(1) The motor is supplied at rated voltage and fre¬ 
quency and delivers rated horse power. Calculate: 
(a) the speed in r.p.m., (6) the total primary current; 
and (c) the primary power-factor. 

(2) The motor is supplied at 125 per cent rated vol¬ 
tage, at rated frequency, and delivers rated horse 
power. Calculate: (a) the speed in r.p.m.; (6) the pri¬ 
mary current, and (c) the primary power-factor. 

230. The followmg things are known about a 25- 
horse power, 220-volt, 60-cycle, three-phase induction 
motor: 

Primary d c. resistance per Y-phase, 0.094 ohm; 

Secondary d.c. resistance per Y-phase referred to 
primary turns, 0.102 ohm; 

No-load current, 10.9 amperes; 

Core loss, 686 watts; 

Friction and windage loss, 221 watts. 
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Lockcd-test meter indications 

Line voltage, 75 volts, 

Lme current, 56 amperes; 

Total locked power, 2460 watts. 

The above values are all referred to a temperature 
of 76° C. 

The mduction motor is operated in parallel with the 
synchronous motor specified in Problem 176. The 
mechanical load on the induction motor is 25 horse 
power and the load on the synchronous motor is 5 
horse power. 

(а) The line voltage is 220 volts and the frequency 
is 60 cycles. Calculate the field current required on the 
synchronous motor to make the power-factor of the 
combmed load unity. 

(б) The line voltage is now raised to 126 per cent of 
the rated voltage of the machines. The frequency is 
60 cycles.. The synchronous motor field current is the 
same as in (a). Calculate the power-factor of the com¬ 
bined load. Assume that a 26 per cent increase in the 
applied voltage to the induction motor causes its no-load 
current to increase 45 per cent and its no-load loss to 
increase 27 per cent. 

231. Prove that the addition of resistance to the 
rotor circuit of an induction motor does not always 
increase the starting torque. 

232. Two induction motors A and B are operated in 
concatenation. The stator winding of A is connected 
to the supifiy and the rotor wmding of A is connected 
to the stator winding of B. The rotor winding of B is 
short-circuited, (a) Show that the conditions for 
torque are best in both machines when the set operates 
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near synchronous speed of B. (&) Show that syn¬ 
chronous speed of B depends on the pninary frequency 
of A, the shp of A, and the number of poles on B. (c) 
Derive a formula for the approximate running speed of 
the set. 

233. Motor A in Problem 232 is wound for 12 poles 
and B for 8 poles. The frequency of the supply is 25 
cycles, (a) Calculate the approximate no-load speed 
when motor A is connected to the supply and its rotor 
short-circuited. (6) Calculate the approximate no-load 
speed when motor B is connected to the supply and its 
rotor short-circuited, (c) The stator of A is connected 
to the supply and its rotor is connected to the stator 
of B. The rotor of B is short-circuited. Calculate the 
no-load speed of the set. {d) The stator of B is con¬ 
nected to the supply and the rotor of B is connected to 
the stator of A. The rotor of A is short-circuited. 
Calculate the approximate no-load speed of the set. 

234. A 10-horse power, 4-pole, 220-volt, 60-cycle 
induction motor and a 10-horse power, 6-pole, 220-volt, 
60-cycle induction motor have a common shaft. The 
4-pole motor is connected to a 220-volt, 60-cycle sup¬ 
ply, the rotor of the 4-pole motor is connected to the 
stator of the 6-pole motor. The rotor of the 6-pole 
motor is short-circuited. Both motors have a turn 
ratio of unity, (a) Calculate the ina.ximum safe horse 
power output of the combination* (6) What propor¬ 
tion of the load does each motor take in (a)? 

236. Show that the insertion of the right amount of 
resistance in the rotor circuit of motor B in Problem 
232 will improve the starting torque of both motors. 

236. A SSO^horse power^ 200Qr-volt, 26-cyole, 32-pole, 
|ihree-phase Eduction tnotor is operated at rated vol- 
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tage and frequency. The following things are known 
about the motor, 

D.C. resistance of the primary per delta-phase at 
25° C. = 0.45G ohm; 

D.C. resistance of secondary per delta-phase at 26° 
C = 0.0127 ohm; 

for the pnmary winding, 1.51 (at 26 cycles); 

Xtd 0. 

Ratio of primary turns to secondary turns, 0 

Lockodrtest meter indication {temperature 25° C.) 

Current, 225 amperes; 

Voltage, 695 volts. 

No-load test results 

Magnetizing component of line current, 61 amperes; 

Coro loss, 3.1 kilowatts; 

Friction and windage loss, 11.75 kilowatts; 

Induced e.m.f. due to the air-gap flux, 1865 volts. 

Calculate at rated horse power output: (a) the speed 
in r.p.m.; (6) the eflBlciency; and (c) the power-factor. 

237. (a) Show that an induction generator cannot 
deliver power at unity power-factor. 

(5) Show that the load connected to an induction 
generator must be capable of taking a leading current 
from the line, 

(c) Show that when an induction generator is oper¬ 
ated in parallel with synchronous generators of much 
larger capacity, the frequency erf the system is deter¬ 
mined by the speed of the synchronous generators. 

238. An induction generator and a synchronous gen¬ 
erator are operated in parallel and supply a synchron¬ 
ous motor, (a) What will happen if the synchronous 
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generator is disconnected? (6) What factors will deter¬ 
mine the frequency in (a) ? (c) What factors will deter- 
mme the termmal voltage of the mduction generator in 
(a)? The synchronous motor is assumed to have less 
capacity than the induction generator. 

239. The mduction motor specified in Problem 228 
is operated as an mduction generator at a terminal volt- 
age of 2200 volts, at a terminal current of 194 amperes, 
and at a frequency of 60 cycles per second. The oper- 
atmg temperature of the machine is 76° C. Calculate; 
(a) the speed of the generator; (6) the kilowatt output 
of the generator, and (c) the eflhciency of the generator. 

240. The self-inductance of each Y-phase (alone) of 
a Y-connected induction motor is 0 25 henry. What 
will be the total self-inductance formed by two Y- 
phases connected in series (the remaining phase dis¬ 
connected)? Two answers are necessary. 

241. Show analytically that in a single-phase induc¬ 
tion motor the stator flux induces two e.m.f/s m the 

rotor, one have a frequency of and the other 

(/+n| 

rent, n the number of revolutions per second of the 
rotor, and p the number of poles on the stator. 

242. Figure 14 is an oscillogram of the current wave 
in a rotor phase of a single-phase mduction motor. 
The oscillogram was taken when the speed of the rotor 
was two thirds of s 3 mchronous speed. Give reasons 
for the peculiar shape of the waves. Why are the sharp 
peaks present in the current wave? 

243. The induction motor specified in Problem 228 
is operated with one of the line wires disconnected. 


), where/is the frequency of the stator cur- 
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(a) Calculate (1) the theoretical single-phase horse 
power rating; (2) the efficiency and the speed of the 
motor at this rating; (6) Construct a circle diagram for 
the motor and determme: (1) the theoretical load at 
which the power-factor is a maximum; and (2) the 
theoretical maximum possible efficiency and the corre- 
spondmg load. 


Fia. 14. 

244. The following measurements were made on a 
10-horse power, 110-volt, 26-cycle conductively com¬ 
pensated single-phase series motor: 

Rmstance teat reavUa 

Effective resistance of the field winding, 0.041 ohm; 
Effective resistance of the armature and compensat¬ 
ing winding combined, 0.1160 ohm, 
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Armature loched4est remits 

Frequency, 26 cycles; 

Line current, 105 amperes; 

Voltage drop across mam field, 45 volts; 

Voltage across armature and compensating field 
combmed, 14 volts. 

The motor is operated at 110 volts, 25 cycles, and at 
a line current of 106 amperes, (a) Calculate; (1) the 
rotational e.m f. induced in the armature; and (2) the 
power-factor at which the motor operates. (6) Con¬ 
struct a voltage drop-current vector diagram showing 
the voltage and current relations, (c) Construct a 
circle diagram for this motor, 

246. Figure 15 represents a Wmter-Eichberg-Latour 
compensated repulsion motor (see Pender^s "Hand¬ 
book for Electrical Engmeers,'' 1922 edition, page 
1023). Construct a complete voltage drop-current 
vector diagram showing how power-factor compensa¬ 
tion is obtained. Show on your diagram the following 
quantities: 

(а) Supply current, assumed positive m the direction 
indicated. 

(б) Voltage drop, A-B, taken positive in the sense 
^ to B, 

(c) Eotational e.m.f. and transformer e.m.f., C-7), 
taken positive in the sense C to D. 

(d) Rotational e.m.f, and transfonner e.m.f., E-F, 
taken positive in the sense E to F. 

(e) Voltage drop, B-O, taken positive in the sense 
Bio 0. 

(/) Voltage drop across the supply, taken positive in 
the sense Aio Q, 
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In answering parts c and d assume the rot&iaon of 
the armature as indicated and assume that the arma¬ 
ture is so wound that a current entering brush C and 
leaving brush D will produce an armature field down 
A current entering brush E and leavmg brush F will 
then produce an armature field to the left. 



Fio 16 . 


246. Figure 16 represents a Fynn polyphase syn¬ 
chronous induction motor (see A,I.E.E. Journal, 
August, 1924, pages 744-748). This motor under nor¬ 
mal operating conditions has the characteristics of a 
pol 3 rphase synchronous motor. Below synchronous 
speed the performance of this motor is like that of a 
polyphase induction motor. The armature winding is 
series mesh-star oonneoted. The commutator bars are 
connected to the mesh winding and |be terminals of 
the star winding ms connoted to oolltotor rings. Poly¬ 


phase power is supfilied to ths mtbt iahd Jiot to the 
stator winding aie.,ia an ordinary imc^or. (a) 

Show by diagsajxls: tlmt; (9.) the tprque 

. s { ‘ ^ ^ I I H , . 
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due to stator winding N is alternating, and (2) that 
the synchronizing torque due to stator winding M is 
pulsating and unidirectional, (b) Compare the relative 
magnitudes of the ssmchronizing torques produced by 
windmgs M and N, 



247. A certain phase-balancer (see Pender's “ Hand¬ 
book for Mectncal Engineers,” 1922 edition, pages 
1110 to 1113) IS used for balancing the output of a 
three-phase generator. The generator and the bal¬ 
ancer are connected to three bus-bars numbered 1, 2, 
and 3. Three feeders. A, B, and C, supply the total 
load and are connected to the bus-bars 1, 2, and 3, 
respectively. The current in feeder A referred to the 
bus-bar voltage from bus-bar 1 to neutral is 104 + j75 
amperes, the current in feeder B referred to the same 
voltage is — 200-t-j80. (a) Calculate: (1) the cur¬ 

rent in feeder C; and (2) the value of the counter-phase 
rotational current required to balance the generator 
output. (6) Outline a method for calculating the rat- 
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